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57 ABSTRACT

An organic light-emitting diode includes a substrate, a first
electrode on the substrate, a second electrode facing the first
electrode, an emission layer between the first electrode and
the second electrode, a hole transfer region between the first
electrode and the emission layer, and an electron transfer
region between the emission layer and the second electrode.
The hole transfer region includes a first compound repre-
sented by Formula 1, and the emission layer includes a second
compound represented by Formula 100.
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1
ORGANIC LIGHT-EMITTING DIODE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0015534, filed on
Feb. 13, 2013 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

1. Technical Field
An organic light-emitting diode is disclosed.
2. Description of the Related Art

Organic light-emitting diodes (OLEDs) are self-emitting
diodes having advantages such as wide viewing angles, good

contrast, quick response speeds, high brightness, and good )

driving voltage characteristics. Also, OLEDs can provide
multicolored images.

A typical OLED has a structure including a substrate, and
an anode, a hole transport layer (HTL), a second electrode
(EML), an electron transport layer (ETL), and a cathode
sequentially stacked on the substrate. The HTL, the EML,
and the ETL are organic thin films formed of organic com-
pounds.

An operating principle of an OLED having the above-
described structure is as follows. When a voltage is applied
between the anode and the cathode, holes injected from the
anode move to the EML via the HTL, and electrons injected
from the cathode move to the EML via the ETL. The holes and
electrons recombine in the EML to generate excitons. When
the excitons drop from an excited state to a ground state, light
is emitted.

SUMMARY

One or more embodiments of the present invention include
an organic light-emitting diode having a novel structure.
Additional aspects will be set forth in part in the description
which follows and, in part, will be apparent from the descrip-
tion, or may be learned by practice of the presented embodi-
ments.

According to one or more embodiments of the present
invention, an organic light-emitting diode includes: a sub-
strate; a first electrode on the substrate; a second electrode
facing the first electrode; an emission layer between the first
electrode and the second electrode; a hole transfer region
between the first electrode and the emission layer; and an
electron transfer region between the emission layer and the
second electrode. The hole transfer region includes a first
compound represented by Formula 1, and the emission layer
includes a second compound represented by Formula 100
below.
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Formula 1

(Arioka_Ryge

(Arj02)vp

Formula 100

In Formula 1, Ar,,, and Ar, 5, may each independently be
a substituted or unsubstituted C,-C, , cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C, , cycloalkenylene
group, a substituted or unsubstituted C,-C, , heterocycloalk-
enylene group, a substituted or unsubstituted C,-Cg, arylene
group, or a substituted or unsubstituted C,-C, heteroarylene
group.

xa and xb may each independently be an integer of O to 5.

R,,; and R, may each independently be a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C,-C, ; heterocycloalkyl group, a substituted or
unsubstituted C;-C,,, cycloalkenyl group, a substituted or
unsubstituted C,-C, , heterocycloalkenyl group, a substituted
orunsubstituted C,-Cg, aryl group, or a substituted or unsub-
stituted C,-C, heteroaryl group.

R, to Rjgg, and R, to R, |, may each independently be
a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a substituted
or unsubstituted C,-C, alkyl group, a substituted or unsub-
stituted C,-Cgoalkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted or unsubstituted C,-Cg,
alkoxy group, a substituted or unsubstituted C;-C,,
cycloalkyl group, a substituted or unsubstituted C,-C, , het-
erocycloalkyl group, a substituted or unsubstituted C,-C,,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Cq, aryl group, a substituted or unsubstituted C4-Cg, ary-
loxy group, a substituted or unsubstituted C,-Cg, arylthiol
group, a substituted or unsubstituted C,-Cg, heteroaryl

group, —N(Q,)(Q,), or —Si(Q;3)(Q.)(Qs).
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Q) to Q5 may each independently be a C,-C, alkyl group,
a C,-Cy, alkoxy group, a C4-Cg, aryl group, or a C,-C,
heteroaryl group.

In Formula 100, X, may be O or S.

Rs4 and R, may be linked to each other to form a substi-
tuted or unsubstituted C;-Cq,, cyclic moiety, or a substituted
or unsubstituted C,-Cg, heterocyclic moiety.

Rs, to Rg5 and Rgg to Ry, may each independently be a
substituent represented by —(Ars,),—(Arg, ). Alternatively,
Rsg and R, may be linked to each other to form a substituted
or unsubstituted C;-Cg, cyclic moiety, or a substituted or
unsubstituted C,-C 4, heterocyclic moiety; and R, to R5, and
R¢o may each independently be a substituent represented by
—(Ary)),—(Arg).

Ars; may be a substituted or unsubstituted C;-C,
cycloalkylene group, a substituted or unsubstituted C,-C,,
heterocycloalkylene group, a substituted or unsubstituted
C;-C,, cycloalkenylene group, a C,-C,, heterocycloalk-
enylene group, a substituted or unsubstituted C,-C, arylene
group, or a substituted or unsubstituted C,-C, heteroarylene
group.

Ar,, may be a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a substituted
or unsubstituted C, -C, alkyl group, a substituted or unsub-
stituted C,-C, alkenyl group, a substituted or unsubstituted
C,-Cq, alkynyl group, a substituted or unsubstituted C,-Cg,
alkoxy group, a substituted or unsubstituted C;-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkyl group, a substituted or unsubstituted C;-C,,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
substituted or unsubstituted C4-Cg, aryl group, a substituted
or unsubstituted C,-C, heteroaryl group, —N(Q,, )(Q,,), or
—Si(Q53)(Q24)(Q2s5)-

Q,; and Q,, may each independently be a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C,-C, ; heterocycloalkyl group, a substituted or
unsubstituted C,-C, , cycloalkenyl group, a C,-C, , heterocy-
cloalkenyl group, a substituted or unsubstituted C4-Cg, aryl
group, or a substituted or unsubstituted C,-Cg, heteroaryl
group.

Q55 to Q5 may each independently be a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a substituted or unsubstituted C,-C, alkyl
group, a substituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C;-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cg aryl group, or a substituted or unsubstituted
C,-Cg heteroaryl group.

q may be an integer from O to 5.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and more
readily appreciated from the following description of the
embodiments when taken in conjunction with the accompa-
nying drawings in which:

FIG. 1 is a schematic view of a structure of an organic
light-emitting diode according to an embodiment of the
present invention; and
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FIG. 2 is a schematic view of a structure of an organic
light-emitting diode according to another embodiment of the
present invention.

DETAILED DESCRIPTION

Reference will now be made to certain embodiments,
examples of which are illustrated in the accompanying draw-
ings. Throughout the description and drawings, like reference
numerals refer to like elements. It is understood that the
described embodiments may be modified in different ways,
and therefore, the present invention should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are described below with reference to
the figures to explain different aspects of the present inven-
tion. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

Referring to FIG. 1, an organic light emitting diode 10
according to an embodiment of the present invention has a
structure including a substrate 11, a first electrode 12, a hole
transfer region 13, an emission layer (EML) 15, an electron
transfer region 17, and a second electrode 19 sequentially
stacked on one another.

The substrate 11 may be any substrate commonly used in
organic light-emitting diodes. In some embodiments, for
example, the substrate 11 may be a glass substrate or a trans-
parent plastic substrate having mechanical strength, thermal
stability, transparency, surface smoothness, ease of handling,
and water resistance.

The first electrode 12 may be formed by depositing or
sputtering a first electrode-forming material on the substrate
11. When the first electrode 12 is an anode, a material having
a high work function may be used as the first electrode-
forming material to facilitate hole injection. The first elec-
trode 12 may be a reflective electrode or a transmission elec-
trode. Transparent and conductive materials such as ITO,
1720, SnO,, and ZnO may be used to form the first electrode
12. The first electrode 12 may be formed as a reflective
electrode using magnesium (Mg), aluminum (Al), alumi-
num-lithiom (Al—L1i), calcium (Ca), magnesium-indium
(Mg—In), magnesium-silver (Mg—Ag), or the like.

The first electrode 12 may have a single-layer structure or
a multi-layered structure including at least two layers. For
example, the first electrode 12 may have a three-layered struc-
ture of ITO/Ag/ITO, but is not limited thereto.

The first electrode 12 may be a hole-injecting electrode
(anode).

The second electrode 19 faces the first electrode 12. The
second electrode 19 may be a cathode, which is an electron
injecting electrode. The material for forming the second elec-
trode 19 may be a metal, an alloy, an electrically conductive
compound (which materials have low-work functions), or a
mixture thereof. For example, the second electrode 19 may be
formed of lithium (Li), magnesium (Mg), aluminum (Al),
aluminum (Al)-lithium (Li), calcium (Ca), magnesium (Mg)-
indium (In), magnesium (Mg)-silver (Ag), or the like, and
may be formed as a thin film type transmission electrode. In
some embodiments, to manufacture a top-emission light-
emitting diode, the transmission electrode may be formed of
indium tin oxide (ITO) or indium zinc oxide (IZO).

The EML 15 is between the first electrode 12 and the
second electrode 19. The hole transfer region 13 is between
the first electrode 12 and the EML 15. The electron transfer
region 17 is between the EML 15 and the second electrode 19.
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In the organic light-emitting diode 10, holes are injected
through the first electrode 12 and migrate to the EML 15
through the hole transfer region 13, while electrons are
injected through the second electrode 19 and migrate to the
EML 15 through the electron transfer region 17. The holes
and electrons recombine in the EML 15 to generate excitons.
When the excitons drop from an excited state to a ground
state, light is emitted.

A first compound represented by Formula 1 below is in the
hole transfer region 13, and a second compound represented
by Formula 100 below is in the emission layer 15.

Formula 1

(Arioka  Ryge

(Ar102)ep

Formula 100

In Formula 1, Ar,,, and Ar, ., may be each independently
a substituted or unsubstituted C;-C, , cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C, , cycloalkenylene
group, a substituted or unsubstituted C,-C, , heterocycloalk-
enylene group, a substituted or unsubstituted C,-C, arylene
group, or a substituted or unsubstituted C,-C, heteroarylene
group.

For example, in Formula 1, Ar,,, and Ar,,, may be each
independently a substituted or unsubstituted phenylene
group, a substituted or unsubstituted pentalenylene group, a
substituted or unsubstituted indenylene group, a substituted
or unsubstituted naphthalene group, a substituted or unsub-
stituted azulenylene group, a substituted or unsubstituted
heptalenylene group, a substituted or unsubstituted indace-
nylene group, a substituted or unsubstituted acenaphthalene
group, a substituted or unsubstituted fluorenylene group, a
substituted or unsubstituted spiro-fluorenylene group, a sub-
stituted or unsubstituted phenalenylene group, a substituted
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or unsubstituted phenanthrenylene group, a substituted or
unsubstituted anthrylene group, a substituted or unsubstituted
fluoranthenylene group, a substituted or unsubstituted triph-
enylenylene group, a substituted or unsubstituted pyrenylene
group, a substituted or unsubstituted chrysenylene group, a
substituted or unsubstituted naphthacenylene group, a substi-
tuted or unsubstituted picenylene group, a substituted or
unsubstituted perylenylene group, a substituted or unsubsti-
tuted pentaphenylene group, a substituted or unsubstituted
hexacenylene group, a substituted or unsubstituted pyrro-
lylene group, a substituted or unsubstituted imidazolylene
group, a substituted or unsubstituted pyrazolylene group, a
substituted or unsubstituted pyridinylene group, a substituted
or unsubstituted pyrazinylene group, a substituted or unsub-
stituted pyrimidinylene group, a substituted or unsubstituted
pyridazinylene group, a substituted or unsubstituted isoin-
dolylene group, a substituted or unsubstituted indolylene
group, a substituted or unsubstituted indazolylene group, a
substituted or unsubstituted purinylene group, a substituted
or unsubstituted quinolinylene group, a substituted or unsub-
stituted benzoquinolinylene group, a substituted or unsubsti-
tuted phthalazinylene group, a substituted or unsubstituted
naphthyridinylene group, a substituted or unsubstituted qui-
noxalinylene group, a substituted or unsubstituted quinazoli-
nylene group, a substituted or unsubstituted cinnolinylene
group, a substituted or unsubstituted carbazolylene group, a
substituted or unsubstituted phenanthridinylene group, a sub-
stituted or unsubstituted acridinylene group, a substituted or
unsubstituted phenanthrolinylene group, a substituted or
unsubstituted phenazinylene group, a substituted or unsubsti-
tuted benzooxazolylene group, a substituted or unsubstituted
benzoimidazolylene group, a substituted or unsubstituted
furanylene group, a substituted or unsubstituted benzofura-
nylene group, a substituted or unsubstituted thiophenylene
group, a substituted or unsubstituted benzothiophenylene
group, a substituted or unsubstituted thiazolylene group, a
substituted or unsubstituted isothiazolylene group, a substi-
tuted or unsubstituted benzothiazolylene group, a substituted
or unsubstituted isoxazolylene group, a substituted or unsub-
stituted oxazolylene group, a substituted or unsubstituted
triazolylene group, a substituted or unsubstituted tetra-
zolylene group, a substituted or unsubstituted oxadiazolylene
group, a substituted or unsubstituted triazinylene group, a
substituted or unsubstituted benzooxazolylene group, a sub-
stituted or unsubstituted dibenzofuranylene group, a substi-
tuted or unsubstituted dibenzothiophenylene group, or a sub-
stituted or unsubstituted benzocarbazolyl group.

In some embodiments, Ar,,, and Ar, , in Formula 1 may
be each independently a moiety represented by one of For-
mulae 3-1 to 3-24:

Formula 3-1

Formula 3-2
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Formula 3-3

Formula 3-4

Formula 3-5

Formula 3-6

Formula 3-7

Formula 3-8

Formula 3-9
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Formula 3-13

Formula 3-14

Formula 3-15

Formula 3-16

Formula 3-17

Formula 3-18

Formula 3-19

Formula 3-20

Formula 3-21

Formula 3-22
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Formula 3-23
(Z1)as
N Ay
/
# o
Formula 3-24
Z,
NAAN

A

In Formulae 3-1 to 3-24,Y, may be O, S, C(R,,)(R,,), or
N(R,,).

InFormulae3-1t03-24,7,,7,,andR,, toR,; maybe each
independently:

i) a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,palkyl group, or a C,-C,,alkoxy group; or

i) a C,-C,palkyl group or a C,-C,,alkoxy group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof; or

iii) a C4-C,paryl group or a C,-C, heteroaryl group; or

iv) a C4-Cyoaryl group or a C,-C,iheteroaryl group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-Cyoalkyl group, a C,-C, alkenyl group, a C,-Cg, alkynyl
group, a C,-Cgialkoxy group, a phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group, a dimethylfuore-
nyl group, a diphenylfluorenyl group, a carbazolyl group, a
phenylcarbazolyl group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolyl group, or an isoquinolyl group; or

V) —N(Q)(Qy2) or —Si(Q:)(Q1)(Q;5). where Qy, to
Q,s are each independently a C,-C,jalkyl group, a
C,-C,ypalkoxy group, a Cg-Cyoaryl group, or a
C,-C,cheteroaryl group.

For example, Z,, 7,, and R, to R,; may be each indepen-
dently:

i) a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,palkyl group, or a C,-C,,alkoxy group; or

i) a C,-C,alkyl group or a C,-C,qalkoxy group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof; or

iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group; or

10

15

20

25

30

35

40

45

50

55

60

65

10

iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,palkyl group, a C,-C,jalkoxy group, a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfuorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group; or

V) —N(@Q;1)(Q12) or Si(Q13)(Q14)(Qy5), where Qy; 10 Q5
are each independently a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a dimethylfuorenyl group, a diphenylfiuore-
nyl group, a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolyl group, or an
isoquinolyl group.

However, 7, Z,,and R, to R,; are not limited to the above
listed moieties.

In Formulae 3-1 to 3-24 above, d1 may be an integer of 1 to
4, d2 may be an integer of 1 to 3, d3 may be an integer of 1 to
6, d4 may be an integer of 1 to 8, and d5 may be an integer of
1or2.

In some embodiments, Ar,,, and Ar, , in Formula 1 may
each independently be a moiety represented by one of For-
mulae 4-1 to 4-7 below, but Ar,,, and Ar,,, are not limited
thereto:

Formula 4-1

Formula 4-2

Formula 4-3

Formula 4-4

Formula 4-5
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-continued
Formula 4-6

x!

Formula 4-7

* O i

In Formula 1 above, xa indicates the number of Ar, s, and
xb indicates the number of Ar,,,s, and xa and xb may each
independently be an integer of 0 to 5. When xa and/or xb is 0,
the “carbazole” and/or “fluorene” in Formula 1 may be linked
directly to “N”. When xa is 2 or greater, the at least two Ar, 5, s
may be identical to or different from each other. When xb is 2
or greater, the at least two Ar,,,s may be identical to or
different from each other.

In some embodiments, in Formula 1, 1) xa=0 and xb=0; ii)
xa=1 and xb=0; iii) xa=2 and xb=0; iv) xa=0 and xb=1; v)
xa=0 and xb=2; or vi) xa=1 and xb=1, but the present inven-
tion is not limited thereto.

InFormula 1, R, ,, and R, ., may each independently be a
substituted or unsubstituted C;-C, ,cycloalkyl group, a sub-
stituted or unsubstituted C,-C, heterocycloalkyl group, a
substituted or unsubstituted C;-C,,cycloalkenyl group, a
substituted or unsubstituted C,-C, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cgparyl group, or a
substituted or unsubstituted C,-Cgheteroaryl group.

For example, in Formula 1, R, ,, and R, ,, may each inde-
pendently be a substituted or unsubstituted phenyl group, a
substituted or unsubstituted pentalenyl group, a substituted or
unsubstituted indenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted azulenyl
group, a substituted or unsubstituted heptalenyl group, a sub-
stituted or unsubstituted indacenyl group, a substituted or
unsubstituted acenaphthyl group, a substituted or unsubsti-
tuted fluorenyl group, a substituted or unsubstituted spiro-
fluorenyl group, a substituted or unsubstituted phenalenyl
group, a substituted or unsubstituted phenanthrenyl group, a
substituted or unsubstituted anthryl group, a substituted or
unsubstituted fluoranthenyl group, a substituted or unsubsti-
tuted triphenylenyl group, a substituted or unsubstituted pyre-
nyl group, a substituted or unsubstituted chrysenyl group, a
substituted or unsubstituted naphthacenyl group, a substi-
tuted or unsubstituted picenyl group, a substituted or unsub-
stituted perylenyl group, a substituted or unsubstituted pen-
taphenyl group, a substituted or unsubstituted hexacenyl
group, a substituted or unsubstituted pyrrolyl group, a substi-
tuted or unsubstituted imidazolyl group, a substituted or
unsubstituted pyrazolyl group, a substituted or unsubstituted
pyridinyl group, a substituted or unsubstituted pyrazinyl
group, a substituted or unsubstituted pyrimidinyl group, a
substituted or unsubstituted pyridazinyl group, a substituted
or unsubstituted isoindolyl group, a substituted or unsubsti-
tuted indolyl group, a substituted or unsubstituted indazolyl
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group, a substituted or unsubstituted purinyl group, a substi-
tuted or unsubstituted quinolinyl group, a substituted or
unsubstituted benzoquinolinyl group, a substituted or unsub-
stituted phthalazinyl group, a substituted or unsubstituted
naphthyridinyl group, a substituted or unsubstituted quinox-
alinyl group, a substituted or unsubstituted quinazolinyl
group, a substituted or unsubstituted cinnolinyl group, a sub-
stituted or unsubstituted carbazolyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
stituted acridinyl group, a substituted or unsubstituted
phenanthrolinyl group, a substituted or unsubstituted phena-
zinyl group, a substituted or unsubstituted benzooxazolyl
group, a substituted or unsubstituted benzoimidazolyl group,
a substituted or unsubstituted furanyl group, a substituted or
unsubstituted benzofuranyl group, a substituted or unsubsti-
tuted thiophenyl group, a substituted or unsubstituted ben-
zothiophenyl group, a substituted or unsubstituted thiazolyl
group, a substituted or unsubstituted isothiazolyl group, a
substituted or unsubstituted benzothiazolyl group, a substi-
tuted or unsubstituted isoxazolyl group, a substituted or
unsubstituted oxazolyl group, a substituted or unsubstituted
triazolyl group, a substituted or unsubstituted tetrazolyl
group, a substituted or unsubstituted oxadiazolyl group, a
substituted or unsubstituted triazinyl group, a substituted or
unsubstituted benzooxazolyl group, a substituted or unsub-
stituted dibenzopuranyl group, a substituted or unsubstituted
dibenzothiophenyl group, or a substituted or unsubstituted
benzocarbazolyl group.

In some other embodiments, R, and R, ,;, may each inde-
pendently be a moiety represented by one of Formulae 5-1 to
5-22 below:

Formula 5-1

X

| T Eier

Formula 5-2

s
x

Z1D)e

Formula 5-3

Z1D)e

Formula 5-4
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Formula 5-5 Formula 5-15
*
x
| T Z11)e3
5 _N
NG

Formula 5-16

e
—— (e
Formula 5-6 10 | / 11)e3
N
| T ZiDes
15 N/

* N
X
| T Z11)es
N

20 NFA

Formula 5-17

Formula 5-18

Formula 5-7

Formula 5-19

25
Formula 5-8 \(Z“) :
e
Formula 5-20
30
35
Formula 5-21
Formula 5-9
*
W/\ 0
| —Z1Des
N P
Formula 5-10
*
A
45 Formula 5-22
| —T—Z1)ea
A
N
Formula 5-11
*
x
| T Z1ea 50
N
Lz
e Zpea
Formula 5-12
*
| S @) 55 InFormulae 5-1to 5-22,Y, may be O, S, C(R;5)(Rx), or
) Z1ea
N

NR,;).

/
N\

N In Formulae 5-1 to 5-22, Z,, to Z,,, and R, to R,, may

. Formula 5-13 each independently be:
AN i) a hydrogen atom, a deuterium atom, a halogen atom, a
| T @ia 6o hydroxyl group, a cyano group, a nitro group, an amino
N\/N group, an amidino group, a hydrazine, a hydrazone, a car-

boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,palkyl group, or a C,-C,,alkoxy group; or

65  1i) a C;-C,galkyl group or a C,-C,qalkoxy group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino

Formula 5-14

Z1Des
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group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof; or

iii) a C4-C,oaryl group or a C,-C,heteroaryl group; or

iv) a C4-C,qaryl group or a C,-C,pheteroaryl group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, C,-C g alkyl
group, a C,-C, an alkenyl group C,-C,, an alkynyl group,
C,-Cyoalkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a dimethylfuorenyl group, a
diphenylfiuorenyl group, a carbazolyl group, a phenylcarba-
zolyl group, a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a pyridazinyl group, a triazinyl group, a quinolyl
group, or an isoquinolyl group; or

V) —N(Q1)(Q12) or 8i(Q5)(Q14)(Qy5), Where Q10 Q5
are each independently a C,-C,qalkyl group, a C,-C,,alkoxy
group, a C4-C,qaryl group, or a C,-C,heteroaryl group.

For example, Z,, to Z, ,, and R, 5 to R,, may each indepen-
dently be:

i) a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, C,-C,,alkyl
group, or a C,-C,,alkoxy group; or

i) a C,-C,alkyl group or a C,-C,qalkoxy group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, and a phosphoric acid group or a salt thereof; or

iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group; or

iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,qalkyl group, a C,-C,,alkoxy group, a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfuorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group; or

V) —N(Q;)(Q12) or —Si(Q13)(Q14)(Qy5), Where Qy; to
Q,s are each independently a C,-C,jalkyl group, a
C,-C,palkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a dimethylfuorenyl group, a
diphenylfiuorenyl group, a carbazolyl group, a phenylcarba-
zolyl group, a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a pyridazinyl group, a triazinyl group, a quinolyl
group, or an isoquinolyl group.
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However, Z,, to Z,,, and R, to R, are not limited to the
above moieties.

In Formulae 5-1 to 5-22, el may be an integer of 1 to 5, e2
may be an integer of 1 to 7, 3 may be an integer or 1 to 3, e4
may be an integer or 1 to 4, and e5 may be an integer of 1 or
2.

Forexample, R, in Formula 1 may be a group represented
by one of Formulae 6-1 to 6-8 below, and R, in Formula 1
may be a group represented by one of Formulae Formula 6-1
to 6-11 below:

Formula 6-1

O

Formula 6-2

o

Zi1a

Formula 6-3
Zip

o

Zys Zyye

Formula 6-4
Zyyp

<

Formula 6-5

%

Formula 6-6

%

a2¥ey

Formula 6-7
Zi1a

oy

Formula 6-8
lla

oy
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-continued

£
Q .
*

Formula 6-9

9

N

>

le\N Qi

In Formulae 6-1 to 6-11,Z,, ,to Z,, . are the same as Z,,
described above, and R, 5, R,¢, Q,, and Q, , are as described
herein.

For example, in Formulae 6-1 to 6-11, Z,,,t0 Z;, ., R,s,
and R, may each independently be:

1) a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,yalkyl group, or a
C,-C,palkoxy group; or

i) a C,-C,alkyl group or a C,-C,qalkoxy group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof; or

iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group; or

iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,palkyl group, a C,-C,,alkoxy group, a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfuorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-

Formula 6-10

Formula 6-11
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idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

However, Z,,,10 Z,, ., R,5, and R, are not limited to the
above listed moieties.

Q,; and Q,, may each independently be a C,-C,, alkyl
group, a C,-C,galkoxy group, a phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group, a dimethylfuore-
nyl group, a diphenylfluorenyl group, a carbazolyl group, a
phenylcarbazolyl group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolyl group, or an isoquinolyl group.

However, Q,; and Q,, are not limited to the above listed
moieties.

For example, R;,; and R |, in Formula 1 may each inde-
pendently be:

i) a C,-C,, alkyl group, or

i) a C;-C,, alkyl group substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, or a phosphoric acid
group or a salt thereof, or

iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group, or

iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

In Formula 100, R, and R, may be linked to each other to
form a substituted or unsubstituted C,;-C,cyclic moiety, or a
substituted or unsubstituted C,-Cg, heterocyclic moiety; and
Rs; to Ry5 and Ry, to R, may be each independently a sub-
stituent represented by —(Ars,),—(Arg, ). In some alterna-
tive embodiments, in Formula 100, R and R, may be linked
to each other to form a substituted or unsubstituted C;-C,
cyclic moiety, or a substituted or unsubstituted C,-Cg, het-
erocyclic moiety; and Ry, to Ry, and R, may be each inde-
pendently a substituent represented by —(Ars,),—(Arg, ).

In some embodiments, the second compound may be a
compound represented by Formula 100A or 100B below:

Formula 100A
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-continued

Formula 100B

In Formulae 100A and 100B, X, and R, to Ry, are the
same as described above.

In Formulae 100A and 100B, the ring P and the ring Q may
each independently be:

i) benzene, naphthalene, fluorene, carbazole, dibenzofu-
ran, or dibenzothiophene; or

i) benzene, naphthalene, fluorene, carbazole, dibenzofu-
ran, or dibenzothiophene substituted with at least one of:

ii)a) a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, ora C,-C,,
alkoxy group, or

ii)b) a C,-C,, alkyl group or a C,-C, alkoxy group sub-
stituted with at least one of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof, or

ii)c) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group, or

i1)d) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group, or

if)e) —N(Q,,)(Q,,), where Q,, and Q,, may each inde-
pendently be a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, a phenylcarbazolyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a quinolyl
group, or an isoquinolyl group.

In some embodiments, Ry, to Ry, in Formulae 100A and
100B may all be hydrogen atoms.

In some other embodiments, the second compound may be
a compound represented by one of Formulae 100A-1 to
100A-8 and 100B-1 to 100B-8, but is not limited thereto:
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Formula 100A-1

Formula 100A-2

Rsg

(Re1)r2

Formula 100A-3

Formula 100A-4

Formula 100A-5
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Rs) Reo Ren)s
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(Re2)r1
Formula 100B-4
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-continued

Formula 100B-8

U\
N\
B(RSI)B

In Formulae 100A-1 to 100A-8 and 100B-1 to 100B-8 Ry,
to Ry, and X, are as described above. X, may be O, S,
C(R71)(R72), or N(R73).

Rgi, Rgs, and R, to R, may each independently be:

i) a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cyq,
alkyl group, a C,-Cqalkenyl group, a C,-Cg, alkynyl group,
or a C,-Cg, alkoxy group, or

i) a C,-Cy, alkyl group, a C,-Cynalkenyl group, a C,-Cy,
alkynyl group, or a C,-Cg, alkoxy group substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid group or a salt thereof, or a
phosphoric acid group or a salt thereof, or

iii) a C;-C,, cycloalkyl group, a C5-C,, heterocycloalkyl
group, aC;-C, , cycloalkenyl group, a C5-C, , heterocycloalk-
enyl group, a C4-Cg, aryl group, a Cs-Cy, aryloxy group, a
Cy-Cygp arylthio group, or a C,-C, heteroaryl group, or

iv) a C;-C,, cycloalkyl group, a C;-C, , heterocycloalkyl
group, aC;-C, , cycloalkenyl group, a C5-C, , heterocycloalk-
enyl group, a C4-Cg, aryl group, a Cs-Cy, aryloxy group, a
Cy-Cygo arylthio group, or a C,-Cg, heteroaryl group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cyq,
alkyl group, a C,-Cqalkenyl group, a C,-Cg, alkynyl group,
a C,-C, alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a dimethylfluorenyl group, a
diphenylfiuorenyl group, a carbazolyl group, a phenylcarba-
zolyl group, a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a pyridazinyl group, a triazinyl group, a quinolyl
group, or an isoquinolyl group, or

V)—N(Q, )(Q)2). 0r —Si(Q;, )(Q12)(Q)5), where Q, , and
Q) , are each independently a C4-C, aryl group or a C,-Cy,
heteroaryl group, and Q,; to Q,5 are each independently a
C,-Cq, alkyl group, a C,-Cg, alkoxy group, a C;-Cg, aryl
group, or a C,-Cg, heteroaryl group.

rl may be an integer of 1 to 4, r2 may be 1 or 2; and r3 may
be an integer of 1 to 6.

For example, in Formulae 100A-1 to 100A-8 and 100B-1
to 100B-8, R4, R4,, and R, to R, may each independently
be:

i) a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, or a C,-C,, alkoxy group, or

i) a C,-C,, alkyl group or a C,-C,, alkoxy group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
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group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof, or

iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group, or

iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group, or

V) —N(Q,1)(Q12). or 8i(Q,;)(Q,2)(Q15), where Q,, and
Q) are each independently a phenyl group, a naphthyl group,
an anthryl group, a fluorenyl group, a dimethylfiuorenyl
group, a diphenylfluorenyl group, a carbazolyl group, a phe-
nylcarbazolyl group, a pyridinyl group, a pyrimidinyl group,
a pyrazinyl group, a pyridazinyl group, a triazinyl group, a
quinolyl group, or an isoquinolyl group; and Q,; to Q, 5 are
each independently a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a dimethylfluorenyl group, a diphenylfiuo-
renyl group, a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolyl group, or an
isoquinolyl group.

However, R,, to R, are not limited to the above listed
moieties.

In Formula 100, Ar,, may be a substituted or unsubstituted
phenylene group, a substituted or unsubstituted pental-
enylene group, a substituted or unsubstituted indenylene
group, a substituted or unsubstituted naphthalene group, a
substituted or unsubstituted azulenylene group, a substituted
or unsubstituted heptalenylene group, a substituted or unsub-
stituted indacenylene group, a substituted or unsubstituted
acenaphthalene group, a substituted or unsubstituted fluore-
nylene group, a substituted or unsubstituted spiro-fluore-
nylene group, a substituted or unsubstituted phenalenylene
group, a substituted or unsubstituted phenanthrenylene
group, a substituted or unsubstituted anthrylene group, a sub-
stituted or unsubstituted fluoranthenylene group, a substi-
tuted or unsubstituted triphenylenylene group, a substituted
or unsubstituted pyrenylene group, a substituted or unsubsti-
tuted chrysenylene group, a substituted or unsubstituted
naphthacenylene group, a substituted or unsubstituted picen-
ylene group, a substituted or unsubstituted perylenylene
group, a substituted or unsubstituted pentaphenylene group, a
substituted or unsubstituted hexacenylene group, a substi-
tuted or unsubstituted pyrrolylene group, a substituted or
unsubstituted imidazolylene group, a substituted or unsubsti-
tuted pyrazolylene group, a substituted or unsubstituted
pyridinylene group, a substituted or unsubstituted pyrazi-
nylene group, a substituted or unsubstituted pyrimidinylene
group, a substituted or unsubstituted pyridazinylene group, a
substituted or unsubstituted isoindolylene group, a substi-
tuted or unsubstituted indolylene group, a substituted or
unsubstituted indazolylene group, a substituted or unsubsti-
tuted purinylene group, a substituted or unsubstituted quino-
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linylene group, a substituted or unsubstituted benzoquinoli-
nylene group, a substituted or unsubstituted phthalazinylene
group, a substituted or unsubstituted naphthyridinylene
group, a substituted or unsubstituted quinoxalinylene group,
a substituted or unsubstituted quinazolinylene group, a sub-
stituted or unsubstituted cinnolinylene group, a substituted or
unsubstituted carbazolylene group, a substituted or unsubsti-
tuted phenanthridinylene group, a substituted or unsubsti-
tuted acridinylene group, a substituted or unsubstituted
phenanthrolinylene group, a substituted or unsubstituted
phenazinylene group, a substituted or unsubstituted benzoox-
azolylene group, a substituted or unsubstituted benzoimida-
zolylene group, a substituted or unsubstituted furanylene
group, a substituted or unsubstituted benzofuranylene group,
a substituted or unsubstituted thiophenylene group, a substi-
tuted or unsubstituted benzothiophenylene group, a substi-
tuted or unsubstituted thiazolylene group, a substituted or
unsubstituted isothiazolylene group, a substituted or unsub-
stituted benzothiazolylene group, a substituted or unsubsti-
tuted isoxazolylene group, a substituted or unsubstituted
oxazolylene group, a substituted or unsubstituted triazolylene
group, a substituted or unsubstituted tetrazolylene group, a
substituted or unsubstituted oxadiazolylene group, a substi-
tuted or unsubstituted triazinylene group, a substituted or
unsubstituted benzooxazolylene group, a substituted or
unsubstituted dibenzopuranylene group, a substituted or
unsubstituted dibenzothiophenylene group, or a substituted
or unsubstituted benzocarbazolylene group. However, Ary, is
not limited thereto.

In some embodiments, in Formula 100, Arg, may be:

i) a phenylene group, a naphthalene group, a fluorenylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, a quinolinylene
group, a carbazolylene group, a triazinylene group, a diben-
zofuranylene group, or a dibenzothiophenylene group, or

ii) a phenylene group, a naphthalene group, a fluorenylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, a quinolinylene
group, a carbazolylene group, a triazinylene group, a diben-
zofuranylene group, or a dibenzothiophenylene group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxylic group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, a C,-C,alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

In some other embodiments, in Formula 100, Ar;, may be
a group represented by Formulae 102-1 to 102-5:

Formula 102-1
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Formula 102-2
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In Formulae 102-1 to 102-5, Z,, and Z,, may each inde-
pendently be a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

f; may be an integer of 1 to 3;

f, may be an integer of 1 to 4.

* indicates a binding site to the core of Formula 1, or a
binding site to another Ar,, or Ars, adjacent to the core.

*' indicates a binding site to another Ars, or Arg, that is
spaced apart from the core of Formula 1. However, Z,,, Z,,
f,, £, *, * are not limited to the above.

InFormula 100, Ar,, may be a substituted or unsubstituted
phenyl group, a substituted or unsubstituted pentalenyl
group, a substituted or unsubstituted indenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or unsub-
stituted azulenyl group, a substituted or unsubstituted heptal-
enyl group, a substituted or unsubstituted indacenyl group, a
substituted or unsubstituted acenaphthyl group, a substituted
or unsubstituted fluorenyl group, a substituted or unsubsti-
tuted spiro-fluorenyl group, a substituted or unsubstituted
phenalenyl group, a substituted or unsubstituted phenanthre-
nyl group, a substituted or unsubstituted anthryl group, a
substituted or unsubstituted fluoranthenyl group, a substi-
tuted or unsubstituted triphenylenyl group, a substituted or
unsubstituted pyrenyl group, a substituted or unsubstituted
chrysenyl group, a substituted or unsubstituted naphthacenyl
group, a substituted or unsubstituted picenyl group, a substi-
tuted or unsubstituted perylenyl group, a substituted or
unsubstituted pentaphenyl group, a substituted or unsubsti-
tuted hexacenyl group, a substituted or unsubstituted pyrrolyl
group, a substituted or unsubstituted imidazolyl group, a sub-
stituted or unsubstituted pyrazolyl group, a substituted or

Formula 102-3

Formula 102-4

Formula 102-5
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unsubstituted pyridinyl group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted pyridazinyl group, a
substituted or unsubstituted isoindolyl group, a substituted or
unsubstituted indolyl group, a substituted or unsubstituted
indazolyl group, a substituted or unsubstituted purinyl group,
a substituted or unsubstituted quinolinyl group, a substituted
or unsubstituted benzoquinolinyl group, a substituted or
unsubstituted phthalazinyl group, a substituted or unsubsti-
tuted naphthyridinyl group, a substituted or unsubstituted
quinoxalinyl group, a substituted or unsubstituted quinazoli-
nyl group, a substituted or unsubstituted cinnolinyl group, a
substituted or unsubstituted carbazolyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
stituted acridinyl group, a substituted or unsubstituted
phenanthrolinyl group, a substituted or unsubstituted phena-
zinyl group, a substituted or unsubstituted benzooxazolyl
group, a substituted or unsubstituted benzoimidazolyl group,
a substituted or unsubstituted furanyl group, a substituted or
unsubstituted benzofuranyl group, a substituted or unsubsti-
tuted thiophenyl group, a substituted or unsubstituted ben-
zothiophenyl group, a substituted or unsubstituted thiazolyl
group, a substituted or unsubstituted isothiazolyl group, a
substituted or unsubstituted benzothiazolyl group, a substi-
tuted or unsubstituted isoxazolyl group, a substituted or
unsubstituted oxazolyl group, a substituted or unsubstituted
triazolyl group, a substituted or unsubstituted tetrazolyl
group, a substituted or unsubstituted oxadiazolyl group, a
substituted or unsubstituted triazinyl group, a substituted or
unsubstituted benzooxazolyl group, a substituted or unsub-
stituted dibenzopuranyl group, a substituted or unsubstituted
dibenzothiophenyl group, a substituted or unsubstituted ben-
zocarbazoly group, or —N(Q,; )(Q55).

Q,; and Q,, may each independently be a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

In some other embodiments, Ar,, in Formula 100 may be a
group represented by one of Formulae 103-1 to 103-16:

Formula 103-1
*
AN
| T Zs1)g1
Formula 103-2
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1 Z31)ea

x
\( l(z3l)g3
N

Formula 103-4

Formula 103-5

Formula 103-6

Formula 103-7

Formula 103-8

Formula 103-9

Formula 103-10

Formula 103-11

Formula 103-12
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Formula 103-13
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In Formulae 103-1 to 103-16, Y,, may be O, S, C(Z,,)
(Z45), 0r N(Z,3). 251, Z5,, and Z,,, to Z,,; may each indepen-
dently be a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

Q,; and Q,, may each independently be a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

gl may be an integer of 1 to 5, g2 may be an integer of 1 to
7, g3 may be an integer of 1 to 3, g4 may be an integer of 1 to
4, and g5 may be 1 or 2.

However, Yy, Zay, 2z, 241 10 243, Qa1, Qaa, 21, 22, 23, 24
and g5 are not limited thereto.

In Formula 100, “q” in —(Ars,),—(Ars,) indicates the
number of Ars; s, and may be an integer of O to 5. When q is
0, Ars, is directly linked to the core of Formula 100. When q
is 2 or greater, the two or more Ars; s may be identical to or
different from each other.

In some embodiments, the first compound may be a com-
pound represented by Formula 1A, 1B, or 1C below:
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Formula 1B

Formula 1C

The substituents in Formulae 1A, 1B, and 1C are the same
as those described above.



US 9,425,410 B2

31

For example, in Formulae 1A, 1B, and 1C, Ar,,; and Ar
may each independently be a group represented by one of
Formulae 3-1 to 3-24.

xa and xb may each independently be 1 or 2.

R,,; and R, o may each independently be a group repre-
sented by one of Formulae 5-1 to 5-22.

R,;, and R,,, may each independently be:

i) a C,-C,, alkyl group; or

i) a C;-C,, alkyl group substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, or a phosphoric acid
group or a salt thereof, or

iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group, or

iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,qalkyl group, a C,-C,,alkoxy group, a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfuorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

Rip,t0 Rjggs and R 5 to R, o may each independently be:

i) a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,qalkyl group, or a C,-C,alkoxy group, or

i) a C,-C,alkyl group or a C,-C,qalkoxy group substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof, or

iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group, or

iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,palkyl group, a C,-C,,alkoxy group, a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfuorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

However, Ar,, Arj g2, Xa, Xb, Ry1. Ryg0, Ri11. Ry 12, Rign
toR,qs, and R, 5 to R, are not limited to the above.

10

15

20

25

30

35

40

45

55

65

32

For example, in Formulae 1A, 1B, and 1C Ar,,, and Ar,,
may each independently be a group represented by one of
Formulae 4-1 to 4-7.

xa and xb may be each independently 1 or 2.

R,,; may be a group represented by one of Formulae 6-1 to
6-8.

R, may be a group represented by one of Formulae 6-1 to
6-11.

R,;; and R, |, may each independently be:

i) a C,-C,, alkyl group; or

i) a C;-C,, alkyl group substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, or a phosphoric acid
group or a salt thereof; or

iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group; or

iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,palkyl group, a C,-C,alkoxy group, a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfuorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

R, to R ps and R, 5 to R, ;5 may be hydrogen atoms.

In some other embodiments, the second compound may be
a compound represented by Formula 100A-H1, 100A-H2,
100B-H1, or 100B-H2:

Formula 100A-H1
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Formula 100B-H1

InFormulae 100A-H1, 100A-H2, 100B-H1, and 100B-H2,
X, may beOorS.

The ring P and the ring Q may each independently be:

i) benzene, naphthalene, fluorene, carbazole, dibenzofu-
ran, or dibenzothiophene, or

i) benzene, naphthalene, fluorene, carbazole, dibenzofu-
ran, or dibenzothiophene substituted with at least one of:

ii)a) a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, ora C,-C,,
alkoxy group, or

ii)b) a C,-C,, alkyl group or a C,-C, alkoxy group sub-
stituted with at least one of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof, or

ii)c) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group, or

i1)d) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
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alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group, or

ii)e) —N(Q,, )(Q,;,) where Q,, and Q, , may each indepen-
dently be a phenyl group, a naphthyl group, an anthryl group,
a fluorenyl group, a dimethylfluorenyl group, a diphenylfiuo-
renyl group, a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolyl group, or an
isoquinolyl group.

Rss, Rs6, R, Reoy Z1, and Z,, may each independently be
a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

f1 and 2 may each independently be 0, 1, or 2.

Arg, may be a group represented by one of Formulae 103-1
to 103-16.

In some other embodiments, the first compound of For-
mula 1 may be one of Compounds 1-1 to 1-19 below, but is not
limited thereto:

O
QL
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In some other embodiments, the second compound of For-
mula 100 may be one of Compounds 2-1 to 2-25 below, but is
not limited thereto:
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Each of the substituted C;-C,, cycloalkylene group, the
substituted C,-C,, heterocycloalkylene group, the substi-
tuted C;-C,,, cycloalkenylene group, the substituted C,-C,,
heterocycloalkenylene group, the substituted C,-Cgoarylene
group, the substituted C,-C ;oheteroarylene group, the substi-
tuted  C;-C,,cycloalkyl group  the substituted
C,-C,gheterocycloalkyl group the substituted
C,-C,cycloalkenyl group the substituted
C,-C,gheterocycloalkenyl group the substituted Cg-Cgparyl
group, the substituted C,-Cgoheteroaryl group, the substi-
tuted C,-Cq, an alkyl group the substituted C,-C, an alkenyl
group the substituted C,-C, an alkynyl group, the substituted
C,-Cyoalkoxy group, the substituted C4-Cyparyloxy group,
and the substituted C,-C, arylthio group includes at least one
substituent which may independently be:

i) a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-Cgqalkyl group, a C,-C,
alkenyl group, a C,-Cgnalkynyl group, or a C,-Cg,alkoxy
group; or

i) a C,;-Cgpalkyl group, a C,-Cq, alkenyl group, a
C,-Cgoalkynyl group, or a C,-Cgyalkoxy group substituted
with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof; or

iii) a C;5-C,scycloalkyl group, a C;-C,heterocycloalkyl
group, a C;-C, cycloalkenyl group, a
C,-C, heterocycloalkenyl group, a C4-Cy, aryl group, a
Ce-Cyoaryloxy group, a C4-Cg arylthio group, or a
C,-Cgoheteroaryl group; or

iv) a C;-Ccycloalkyl group, a C;-C,gheterocycloalkyl
group, a C;-C, cycloalkenyl group, a
C;-C,gheterocycloalkenyl group, a Cg-Cgparyl group, a
Ce-Cyoaryloxy group, a C4-Cg arylthio group, or a
C,-Cgoheteroaryl group substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, C,-Cg,alkyl group, a C,-Cy, alkenyl group
C,-Cg, alkynyl group, C,-Cgpalkoxy group, a phenyl group, a
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naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfuorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group; or

V) —Si(Q15)(Q14)(Q,5) where Q, 5 to Q5 are each inde-
pendently a C,-Cgyalkyl group, a C,-Cgalkoxy group, a
C-Cyoaryl group, or a C,-Cgoheteroaryl group.

However, the substituents of the substituted groups are not
limited to the above.

The first compound of Formula 1 above has good charge
(hole) transporting ability. The second compound of Formula
100 above has good charge (hole) transporting ability, good
light-emitting ability, and has a high band gap energy
between the highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO), and thus
allows easy energy level adjustment. When including the first
compound in the hole transfer region 13 and the second
compound in the EML 15, the organic light-emitting diode 10
may have a low driving voltage, high luminance, high effi-
ciency, and a long lifetime.

FIG. 2 is a schematic view of a structure of an organic
light-emitting diode 30 according to another embodiment of
the present invention. Referring to FIG. 2, the organic light-
emitting diode 30 has a laminated structure including a sub-
strate 31, and a first electrode 32, a hole transfer region 33, an
emission layer (EML) 35, an electron transfer region 37, and
a second electrode 39 sequentially stacked on the substrate
31. The hole transfer region 33 includes a hole injection layer
(HIL) 33 A and a hole transport layer (HTL) 33B sequentially
stacked on the first electrode 32. The electron transfer region
37 includes an electron transport layer (ETL) 37A and an
electron injection layer (EIL) 38B sequentially stacked on the
emission layer 35.

The above descriptions of the substrate 11, first electrode
12, and second electrode 19 are incorporated here as descrip-
tions of the substrate 31, first electrode 32, and second elec-
trode 39 of FIG. 2.

The HIL 33A may be formed on the first electrode 32 by
any of a variety of methods, such as vacuum deposition, spin
coating, casting, Langmuir-Blodgett (L.B) deposition, or the
like. When the HIL 33A is formed using vacuum deposition,
the conditions may vary depending on the compound that is
used to form the HIL 33A, and the desired structural and
thermal properties of the HIL. 33 A to be formed. For example,
the vacuum deposition may be performed at a temperature of
about 100° C. to about 500° C., a pressure of about 10~% torr
to about 10~ torr, and a deposition rate of about 0.01 to about
100 A/sec. However, the deposition conditions are not limited
thereto.

When the HIL 33 A is formed using spin coating, the coat-
ing conditions may vary depending on the compound that is
used to form the HIL 33A, and the desired structural and
thermal properties of the HIL. 33 A to be formed. For example,
the coating rate may be in the range of about 2000 rpm to
about 5000 rpm, and the temperature at which heat treatment
is performed to remove solvent after coating may be in the
range of about 80° C. to about 200° C. However, the coating
conditions are not limited thereto.

Non-limiting examples of materials for the HIL 33A
include N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-
phenyl]-biphenyl-4,4'-diamine, (DNTPD), a phthalocyanine
compound such as copper phthalocyanine, 4,4',4"-tris(3-me-
thylphenylphenylamino)triphenylamine (m-MTDATA),
N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPB),
TDATA, 2-TNATA, polyaniline/dodecylbenzenesulfonic
acid (Pani/DBSA), poly(3,4-cthylenedioxythiophene)/poly
(4-styrenesulfonate) (PEDOT/PSS), polyaniline/camphor
sulfonic acid (Pani/CSA), or (polyaniline)/poly(4-styrene-
sulfonate) (PANI/PSS):
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The thickness of the HIL 33 A may be from about 100 A to
about 10000 A, and in some embodiments, may be from about
100 A to about 1000 A. When the thickness of the HIL 33A is
within these ranges, the HIL 33 A may have good hole inject-
ing ability without a substantial increase in driving voltage.

Then, the HTL 33B may be formed on the HIL. 33 A by any
of'a variety of methods, for example, vacuum deposition, spin
coating, casting, Langmuir-Blodgett (L.B) deposition, or the
like. When the HTL 33B is formed using vacuum deposition
or spin coating, the conditions for deposition or coating may
be similar to those described above for the formation of the
HIL 33A, although the conditions for the deposition or coat-
ing may vary depending on the compound that is used to form
the HTL 33B-1.

The HTL 33B may be formed of the first compound rep-
resented by Formula 1 above. The above description of For-
mula 1 is therefore incorporated here. For example, the HTL
33B may include a first compound represented by Formula
1A, 1B, or 1C above. In Formula 1A, 1B, and 1C, Ar,,, and
Ar,,, may each independently be a group represented by one
of Formulae 4-1 to 4-7; xa and xb may each independently be
1 or2; R,,, may be a group represented by one of Formulae
6-1 to 6-8; R, ,, may be a group represented by one of For-
mulae 6-1 to 6-11; Ry, to Ryo5 and R,,; to R, may be
hydrogen atoms; and R, and R, , may each independently
be one of:

i) a C,-C,, alkyl group; or

i) a C;-C,, alkyl group substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, or a phosphoric acid
group or a salt thereof; or

iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group; or

iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,palkyl group, a C,-C,,alkoxy group, a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a dim-
ethylfuorenyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolyl group, or an isoquinolyl group.

In some other embodiments, a material for the HTL 33B
may be one of Compounds 1-1 to 1-19 above.

The thickness of the HTL 33B may be from about 50 A to
about 2000 A, and in some embodiments, from about 100 A
to about 1500 A. When the thickness of the HTL 33B is within
these ranges, the HTL 33B may have satisfactory hole trans-
porting ability without a substantial increase in driving volt-
age.

At least one of the HIL. 33 A and the HTL 33B may further
include a charge-generating material in addition to the above-
described materials. The charge-generating material may be
included to improve the conductivity of the layers.
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The charge-generating material may be, for example, a
p-dopant. The p-dopant may be selected from quinine deriva-
tives, metal oxides, and cyano-containing compounds, but the
p-dopant is not limited thereto. Non-limiting examples of the
p-dopant include quinone derivatives such as tetracyano-
quinonedimethane (TCNQ), 2,3,5,6-tetratfluoro-tetracyano-
1,4-benzoquinonedimethane (F4-TCNQ), and the like; metal
oxides such as tungsten oxide, molybdenum oxide, and the
like; and cyano-containing compounds such as Compound
200 below.

Compound 200
CN
NC
)
N N CN
P
I\i N CN
N
NC 7
CN
F4-TCNQ
F F
NC CN
NC CN

The charge-generating material may be homogeneously
dispersed or inhomogeneously distributed in at least one of
the HILL 33 A or the HTL 33B. The charge-generating material
may be present in any form.

Then, the EML 35 may be formed on the HTL 33B by any
of'a variety of methods, for example, vacuum deposition, spin
coating, casting, [.B deposition or the like. When the EML 35
is formed using vacuum deposition or spin coating, the depo-
sition or coating conditions may be similar to those described
above for the formation of the HIL. 33A, though the condi-
tions for deposition and coating may vary depending on the
compound that is used to form the EML 35.

A material for the EML 35 may be the second compound of
Formula 100 described above. The above description of For-
mula 100 is incorporated here. For example, the EML 35 may
include a second compound of Formula 100A-H1, 100A-H2,
100B-H1, or 100B-H2 above. The above descriptions of For-
mulae 100A-H1, 100A-H2, 100B-H1 and 100B-H2 are
incorporated here. In some embodiments, the second com-
pound may be Compound 2-1 or 2-25, but the present inven-
tion is not limited thereto. The second compound may act as
a host in the EML 35.

The EML 35 may further include a second host, in addition
to the second compound of Formula 100, which acts as a host.

Non-limiting examples of hosts include Alq;, 4,4'-N,N'-
dicarbazole-biphenyl (CBP), poly(n-vinylcarbazole) (PVK),
9,10-di(naphthalene-2-yl)anthracene (ADN), TCTA, 1,3,5-
tris(N-phenylbenzimidazole-2-yl)benzene (TPBI), 3-tert-bu-
tyl-9,10-di-2-naphthylanthracene (TBADN), E3, distyry-
larylene (DSA), dmCBP (see a formula below), and
Compounds 501 to 509 below.
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In some embodiments, an anthracene-based compound
represented by Formula 400 below may be used as a host:
50 Formula 400
506
N\ (Ars);
Q /%
Q 33 Aryy—(Ar1)n (Ar11)g—Ar113
Y
\ /\(AI 116);

60

N\
N
O )

O In Formula 400, Ar,,, and Ar,,, may each independently
be a substituted or unsubstituted C5-Cgqarylene group. Ar, ;5
to Ar,,s may each independently be a substituted or unsub-

65 stituted C,-C,, alkyl group or a substituted or unsubstituted

Cs-Cyoaryl group. g, h, 1, and j may each independently be an
integer of 0 to 4.



US 9,425,410 B2

57

In some embodiments, Ar,,, and Ar,,, in Formula 400
may each independently be a phenylene group, a naphthalene
group, a phenanthrenylene group, and a pyrenylene group; or
a phenylene group, a naphthalene group, a phenanthrenylene
group, a fluorenyl group, and a pyrenylene group, each sub-
stituted with at least one of a phenyl group, a naphthyl group,
or an anthryl group, but Ar,,, and Ar,,, are not limited
thereto.

In Formula 400 above, g, h, i, and j may each independently
be 0, 1, or 2.

In some embodiments, Ar, ,; to Ar,, s in Formula 400 may
each independently be:

i) a C,-C,, alkyl group substituted with at least one of a
phenyl group, a naphthyl group, or an anthryl group; or

i) a phenyl group, a naphthyl group, an anthryl group, a
pyrenyl group, a phenanthrenyl group, or a fluorenyl group;
or

iii) a phenyl group, a naphthyl group, an anthryl group, a
pyrenyl group, a phenanthrenyl group, or a fluorenyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
C,-Cq, alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a pyrenyl group, a phenanthrenyl group, or a
fluorenyl group; or

Se Y

However, Ar, 5 to Ar, | are not limited thereto.

For example, the anthracene-based compound of Formula
400 above may be one of the compounds represented by the
following formulae, but the anthracene-based compound of
Formula 400 is not limited thereto:
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In some embodiments, an anthracene-based compound

represented by Formula 401 below may be used as a host.

Formula 401

Ar,,, to Ar,,5 in Formula 401 are the same as Ar,; of
Formula 400, which is described above and incorporated
here.

Ar,,cand Ar, ,, in Formula 401 may each independently be
a C,-C,, alkyl group (for example, a methyl group, an ethyl
group, or a propyl group).

In Formula 401, k and 1 may each independently be an
integer of 0 to 4, for example, 0, 1, or 2.

For example, the anthracene compound of Formula 401
above may be one of the compounds represented by the
following formulae, but the anthracene compound of For-
mula 401 is not limited thereto:
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When the organic light-emitting diode is a full color
organic light-emitting diode, the EML may be patterned into
ared EML, a green EML, and a blue EML. In some embodi-
ments, the EML 35 may include a red EML, a green EML,
and/or a blue EML stacked on one another to emit white light,
but the EML 35 is not limited thereto.

{_¢
s

The EML 35 may further include a dopant, in addition to
the above-described host. The dopant may be any dopant
commonly used in OLED:s.

Non-limiting examples of blue dopants include com-
pounds represented by the following formulae.

F

(Fappy),lr(tmd) Ir(dfppz)s
| x
N
§ ¥ \\Ir
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Non-limiting examples of red dopants include compounds
represented by the following formulae. In some embodi- 65
ments, the red dopant may be DCM or DCJTB, which are
described below.
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(BT )a(acac) 65  Non-limiting examples of green dopants include com-

pounds represented by the following formulae. For example,
the green dopant may be C545T represented below.
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Non-limiting examples of dopants that may be used in the
EML 35 include Pt complexes represented by the following
formulae: 55
D7

D1
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Non-limiting examples of dopants that may be used in the
EML 35 include Os complexes represented by the following
formulae:
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Os(fppz)y(PPhoMe); -
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Os(bppz)2(PPhs),

30

35
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P N== 60

C3F7

When the EML 35 includes both a host and a dopant, the
amount of the dopant may be about 0.01 to about 15 parts by
weight based on 100 parts by weight of the host, but the
amount of the dopant is not limited thereto.

82
A thickness of the EML 35 may be about 100 A to about
1000 A, and in some embodiments, may be about 200 A to
about 600 A. When the thickness of the EML 35 is within
these ranges, the EML 35 may have improved light-emitting
ability without a substantial increase in driving voltage.

Then, an ETL 37A is formed on the EML 35 by any of a
variety of methods, such as vacuum deposition, spin coating,
casting, or the like. When the ETL 37A is formed using
vacuum deposition or spin coating, the conditions may be
similar to those described above for the formation of the HIL
33A, though the deposition or coating conditions may vary
depending on the compound that is used to form the ETL
33A. A material for forming the ETL 37A may be any mate-
rial that can stably transport electrons injected from the sec-
ond electrode 39. Non-limiting examples of materials for
forming the ETL include a quinoline derivative, such as tris
(8-quinolinorate)aluminum (Alq3), TAZ, BAlq, beryllium
bis(benzoquinolin-10-olate (Bebq,), 9,10-di(naphthalene-2-
yDanthracene (ADN), Compound 201, and Compound 202.

7??

TAZ

BAlq
Compound 201
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The thickness of the ETL 37A may be about 100 A to about
1,000 A, and in some embodiments, may be about 150 A to
about 500 A. When the thickness of the ETL 37A is within
these ranges, the ETL 37A may have satisfactory electron
transporting ability without a substantial increase in driving
voltage.

40

The ETL 37A may further include a metal-containing
material in addition to the electron transporting organic mate-
rial described above. 45

The metal-containing material may include a lithium (L)
complex. Non-limiting examples of the [.i complex include
lithium quinolate (LiQ) and Compound 203 below:

50
Compound 203

O\ 55

60

Then, an EIL 37B (which facilitates injection of electrons 65
from the anode) may be formed on the ETL. 37 A. Any suitable
electron-injecting material may be used to form the EIL, 37B.

84

Non-limiting examples of materials for forming the EIL
378 include LiF, NaCl, CsF, Li,0, and BaO. The deposition
conditions for forming the EIL. 37B may be similar to those
described above for the formation of the HIL. 33 A, though the
deposition conditions may vary depending on the compound
that is used to form the EIL 37B.

The thickness of the EIL 37B may be about 1 A to about
100 A, and in some embodiments, may be about 3 A to about
90 A. When the thickness of the EIL, 37B is within these
ranges, the EIL. 37B may have satisfactory electron injection
ability without a substantial increase in driving voltage.

Although embodiments of the present invention have been
described with reference to the organic light-emitting diodes
10 and 30 depicted in FIGS. 1 and 2, the present invention is
not limited thereto. Although not shown in FIG. 2, a buffer
layer (not shown) may be further disposed between the HTL
33B and the EML 35 of FIG. 2 in order to compensate for an
optical resonance distance according to the wavelength of
light emitted from the EML 35 for higher efficiency. The
buffer layer may include a hole injection material, a hole
transporting material, the first compound of Formula 1 above,
or the like.

When the EML 35 includes a phosphorescent dopant, a
hole blocking layer (HBL) may be disposed between the
EML 35 and the ETL 37A of FIG. 2, in order to prevent
diffusion of triplet excitons or holes into the ETL 37A. When
the HBL is formed using vacuum deposition or spin coating,
the conditions for deposition or coating may be similar to
those described above for the formation of the HIL, although
the conditions for deposition and coating may vary depending
on the compound that is used to form the HBL. Any
hole-blocking material may be used. Non-limiting examples
of hole-blocking materials include oxadiazole derivatives,
triazole derivatives, and phenanthroline derivatives.
For example, bathocuproine (BCP) (represented by the fol-
lowing formula) may be used as a material for forming the
HBL.

BCP

The thickness of the HBL may be about 20 A to about 1000
A, and in some embodiments, may be about 30 A to about 300
A. When the thickness of the HBL is within these ranges, the
HBL may have improved hole blocking ability without a
substantial increase in driving voltage.

In some embodiments, the HIL. 33A of FIG. 2 may not be
included. However, the present invention is not limited
thereto, and embodiments of the present invention may
include any of a variety of structures.
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As used herein, the unsubstituted C,-Cg, alkyl group (or a
C,-Cq, alkyl group) refers to a linear or branched alkyl group
having 1 to 60 carbon atoms. Nonlimiting examples of the
unsubstituted C,-Cg, alkyl group include a methyl group, an
ethyl group, a propyl group, an isobutyl group, a sec-butyl
group, a pentyl group, an iso-amyl group, or a hexyl group.
The substituted C,-Cg, alkyl group refers to the substitution
of at least one hydrogen atom of unsubstituted C,-C, alkyl
group with at least one of:

1) a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-Cgalkyl group, a C,-C¢, an
alkenyl group, a C,-Cgnalkynyl group, or a C,-Cgyalkoxy
group; or

ii) a C;-Cgoalkyl group, a C,-C,, alkenyl group, a
C,-Cypalkynyl group, or a C,-Cgyalkoxy group substituted
with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof; or

iii) a C;-C,ycycloalkyl group, a C;-C, heterocycloalkyl
group, a C,-C, ,cycloalkenyl group, a
C;-C, gheterocycloalkenyl group, a Cg-Cyparyl group, a
Cs-Cyoaryloxy group, a C4-Cg arylthio group, or a
C,-Cgoheteroaryl group; or

iv) a C;-C,qcycloalkyl group, a C,-C, heterocycloalkyl
group, a C;-C, cycloalkenyl group, a
C;-C, gheterocycloalkenyl group, a Cg-Cyparyl group, a
Cs-Cyoaryloxy group, a C4-Cg arylthio group, or a
C,-Cgoheteroaryl group substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
orasaltthereof, aC,-Cgalkyl group, a C,-Cg, alkenyl group,
a C,-Cg alkynyl group, a C,-Cgralkoxy group, a phenyl
group, a naphthyl group, an anthryl group, a fluorenyl group,
a dimethylfuorenyl group, a diphenylfluorenyl group, a car-
bazolyl group, a phenylcarbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl group; or

V) —N(Q, Q) or —Si(Q;;)(Q12)(Q,5) where Q,, and
Q,, may each independently be a C4-Cgoaryl group, or a
C,-Cgoheteroaryl group; and Q, ; to Q,5 may each indepen-
dently be a C,-Cgualkyl group, a C,-Cgyalkoxy group, a
C-Cyoaryl group, or a C,-Cygheteroaryl group. However, the
substituents of the substituted C,-Cg, alkyl group are not
limited thereto.

As used herein, the unsubstituted C,-Cgyalkoxy group (or
C,-Cyoalkoxy group) refers to a group represented by —OA
(where A is an unsubstituted C,-C, alkyl group, as described
above). Nonlimiting examples of the unsubstituted
C,-Cyoalkoxy group include a methoxy group, an ethoxy
group, an isopropoxy group, or the like. The substituted
C,-Cyoalkoxy group refers to the substitution of at least one
hydrogen atom of the alkoxy groups with the substituents
described above in connection with the substituted C,-Cg,

alkyl group.
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As used herein, the unsubstituted C,-C, alkenyl group (or
a C,-Cg, alkenyl group) refers to a unsubstituted C,-C,, alkyl
group having at least one carbon-carbon double bond in the
center or terminal end thereof. Nonlimiting examples of the
alkenyl group include an ethenyl group, a propenyl group, a
butenyl group, and the like. The substituted C,-C, alkenyl
group refers to the substitution of at least one hydrogen atom
of the unsubstituted C,-C, alkenyl group with the substitu-
ents described above in connection with the substituted
C,-Cqo alkyl group.

As used herein, the unsubstituted C,-C, alkynyl group (or
a C,-Cg, alkynyl) refers to a C,-Cg, alkyl group having at
least one carbon-carbon triple bond in the center or at a
terminal end thereof. Nonlimiting examples of the unsubsti-
tuted C,-Cg, alkynyl group include an ethenyl group, a pro-
pynyl group, and the like. The substituted C,-Cg,, alkynyl
group refers to the substitution of at least one hydrogen atom
of'the alkynyl group with the substituents described above in
connection with the substituted C,-Cg, alkyl group.

As used herein, the unsubstituted C4-C, aryl group refers
to a monovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms and including at least one aro-
matic ring. The unsubstituted C4-C,, arylene group refers to
a divalent group having a carbocyclic aromatic system having
6 to 60 carbon atoms and including at least one aromatic ring.
When the aryl group or the arylene group has at least two
rings, the rings may be fused to each other. The substituted
Cs-Cq, aryl group or substituted C4-Cg arylene group refers
to the substitution of at least one hydrogen atom in the aryl
group or the arylene group with the substituents described
above in connection with the C,-C, alkyl group.

Nonlimiting examples of the substituted or unsubstituted
C¢-Cgo aryl group include a phenyl group, a C,-C, , alkylphe-
nyl group (e.g., an ethylphenyl group), a C,-C,, alkylbiphe-
nyl group (e.g., an ethylbiphenyl group), a halophenyl group
(e.g., an 0-, m- or p-fluorophenyl group and a dichlorophenyl
group), a dicyanophenyl group, a trifluoromethoxyphenyl
group, an o-, m- or p-tolyl group, an o-, m- or p-cumenyl
group, a mesityl group, a phenoxyphenyl group, a (a,a-dim-
ethylbenzene)phenyl group, a (N,N'-dimethyl)aminophenyl
group, a (N,N'-diphenyl)aminophenyl group, a pentalenyl
group, an indenyl group, a naphthyl group, a halonaphthyl
group (e.g., a fluoronaphthyl group), a C,-C, , alkylnaphthyl
group (e.g., a methylnaphthyl group), a C,-C, , alkoxynaph-
thyl group (e.g., a methoxynaphthyl group), an anthracenyl
group, an azulenyl group, a heptalenyl group, an acenaphtha-
lenyl group, a phenalenyl group, a fluorenyl group, an
anthraquinolyl group, a methylanthryl group, a phenanthryl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, an ethyl-chrysenyl group, a picenyl group, a perylenyl
group, a chloroperylenyl group, a pentaphenyl group, a pen-
tacenyl group, a tetraphenylenyl group, a hexaphenyl group,
hexacenyl group, a rubicenyl group, a coronenyl group, a
trinaphthalenyl group, a heptaphenyl group, a heptacenyl
group, a pyranthrenyl group, and an ovalenyl group.
Examples of the substituted C4-Cgy aryl group may be
inferred based on those of the unsubstituted C4-C,, aryl group
and the substituted C,-Cg, alkyl group described above.
Examples of the substituted or unsubstituted C,-C, arylene
group may be inferred from the examples of the substituted or
unsubstituted C4-Cg, aryl group described above.
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As used herein, the unsubstituted C,-Cg, heteroaryl group
refers to a monovalent group having at least one aromatic ring
including at least one heteroatom selected from N, O, P, and
S. The unsubstituted C,-Cy, heteroarylene group refers to a
divalent group having at least one aromatic ring including at
least one heteroatom selected from N, O, P, and S. When the
heteroaryl group or the heteroarylene group has at least two
rings, the rings may be fused to each other. The substituted
C,-Cg, heteroaryl group or substituted C,-Cg, heteroarylene
group refers to the substitution of at least one hydrogen atom
in the heteroaryl group or the heteroarylene group with the
substituents described above with reference to the C,-Cg,
alkyl group.

Nonlimiting examples of the unsubstituted C,-C, het-
eroaryl group include a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a pyridinyl group, a
pyridazinyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a quinolinyl group, an
isoquinolinyl group, a benzoimidazolyl group, an imidazopy-
ridinyl group and an imidazopyrimidinyl group. Examples of
the substituted or unsubstituted C,-C,,, heteroarylene group

10
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may be inferred from the examples of the substituted or
unsubstituted C,-Cg, arylene group described above.

The substituted or unsubstituted C,-Cg, aryloxy group
refers to a group represented by —OA, where A, is a substi-
tuted or unsubstituted C4-Cg, aryl group, as described above.
The substituted or unsubstituted C5-Cg, arylthiol group refers
to a group represented by —SA; where A is a substituted or
unsubstituted C;-Cg, aryl group, as described above.

Hereinafter, embodiments of the present invention will be
described with reference to the following synthesis examples
and other examples. However, these examples are presented
for illustrative purposes only and are not intended to limit the
scope of the present invention.

EXAMPLES
Synthesis Example 1
Synthesis of Compound 2-10

Compound 2-10 was synthesized according to Reaction
Scheme 1 below:

Reaction Scheme 1

DR

O ¥

Intermediate 1-4

O

Compound a

v

O\OH
O N

—_—

»
@

Intermediate 1-e
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-continued

T

°j
O N

Intermediate 1-f

Intermediate 1-g

Synthesis of Intermediate 1-e

1 eq of Compound a, 430 mg (0.02 eq) of bis(chloro(triph-
enylphosphine)palladium (PdCL,(PPh;),), 400 mg (0.05 eq)
of PPh;, and 350 mg (0.06 eq) of Cul were mixed together in
a flask, which was then subjected to a vacuum environment
and N, atmosphere. 80 mL of THF was added to the mixture,
and the mixture was then stirred, followed by a slow, drop-
wise addition of 30 mL (8 eq) of triethylamine and 12 g (1.5
eq) of Intermediate 1-4. The mixture was then stirred in a N,
atmosphere at room temperature for about 2 hours. After
removing the solvent from the mixture using a rotary evapo-
rator, 100 mL of water was added to the reaction solution, and
the resultant was extracted three times with 100 mL of ethyl
ether. The organic layer was collected and then dried using
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HO

\ < >
B N
/

HO

! Intermediate 2-18
N :

2-10

magnesium sulfate to evaporate the solvent. The residue was
separated and purified by silica gel column chromatography
to obtain Intermediate 1-e.

Synthesis of Intermediate 1-f

7.1 gofIntermediate 1-eand 3.7 mL (3 eq) of pyridine were
mixed with 60 mL of CH,Cl,, followed by a slow, dropwise
additionof 3.8 mL (1.5 eq) of trifluoromethane sulfonic anhy-
dride using a cooling bath at about 0° C. The mixture was
stirred at room temperature for about 2 hours. The mixture
was neutralized with 1N HCI, and then extracted three times
with 100 mL of water and 100 m[. of CH,Cl,. The organic
layer was collected and then dried using magnesium sulfate to
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evaporate the solvent. The residue was separated and purified
by silica gel column chromatography to obtain Intermediate
1-f.

Synthesis of Intermediate 1-g

7.3 g of Intermediate 1-f, 1.2 eq of Intermediate 2-18, 988
mg (0.07 eq) of PA(PPh,),, and 2.8 g (1.7 eq) of K,CO; were
mixed with 36 mL of THF and 18 mL of distilled water, and
then stirred under reflux for about 24 hours after a tempera-
ture increase to about 70° C. The mixture was cooled down to
room temperature, and then extracted three times with 100
ml of water and 100 mL of diethylether. The organic layer
was collected and then dried using magnesium sulfate to
evaporate the solvent. The residue was separated and purified
by silica gel column chromatography to obtain Intermediate

1-g.

Reaction Scheme 2

HO

10
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Synthesis of Compound 2-10

After 4.5 g of Intermediate 1-g was mixed with 500 mL of
methylene chloride (MC), 20 mL (40 eq) of trifluoroacetic
acid was slowly dropwise added thereto, and the mixture was
stirred at room temperature for about 1 hour. After completion
of'the reaction, the reaction solution was extracted three times
with 100 mL of water and 100 mL of diethylether. The
organic layer was collected and then dried using magnesium
sulfate to evaporate the solvent. The residue was separated
and purified by silica gel column chromatography to obtain
Compound 2-10.

Synthesis Example 2
Synthesis of Compound 2-15

Compound 2-15 was synthesized according to Reaction
Scheme 2 below:

\
B N

/

HO
S Intermediate 2-18
O D "
Br
Compound b

Intermediate 1-h
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-continued

Intermediate 1-i

»
54

.

N

»

Intermediate 1-j

Synthesis of Intermediate 1-h

8 gof Compound b, 1.2 eq of Intermediate 2-18, 2.4 g (0.07
eq) of Pd(PPh;),, and 7.1 g (1.7 eq) of K,CO; were mixed
with 90 mL of THF and 45 mL of distilled water, and then
stirred under reflux for about 24 hours after a temperature
increase to about 70° C. The mixture was cooled down to
room temperature, and then extracted three times with 100
ml of water and 100 mL of diethylether. The organic layer
was collected and then dried using magnesium sulfate to
evaporate the solvent. The residue was separated and purified
by silica gel column chromatography to obtain Intermediate
1-h.

Synthesis of Intermediate 1-i

4.1 g of Intermediate 1-h and 3.8 mL (3 eq) of pyridine
were mixed with 60 mL of CH,Cl,, followed by a slow,
dropwise addition of 4.0 mL (1.5 eq) of trifluoromethane
sulfonic anhydride using a cooling bath at about 0° C. The
mixture was stirred at room temperature for about 2 hours.
The mixture was neutralized with 1N HCI, and then extracted
three times with 100 mL of water and 100 mL of CH,Cl,. The
organic layer was collected and then dried using magnesium

O
O
o

45
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Intermediate 1-4

sulfate to evaporate the solvent. The residue was separated
and purified by silica gel column chromatography to obtain
Intermediate 1-i.

Synthesis of Intermediate 1+

1 eq of Intermediate 1-i, 182 mg (0.02 eq) of bis(chloro
(triphenylphosphine)palladium (PdCL,(PPh,),), 170 mg
(0.05 eq) of PPh;, and 146 mg (0.06 eq) of Cul were mixed
together in a flask, which was then subjected to a vacuum
environment and N, atmosphere. 40 mL of THF was added to
the mixture, and the mixture was then stirred, followed by a
dropwise addition of 15 mL. (8 eq) of triethylamine and 1.5 eq
of Intermediate 1-4. The mixture was then stirred in a N,
atmosphere at room temperature for about 8 hours. After
removing the solvent from the mixture using a rotary evapo-
rator, the mixture was extracted three times with 100 mL of
water and 100 mL of ethylether. The organic layer was col-
lected and then dried using magnesium sulfate to evaporate
the solvent. The residue was separated and purified by silica
gel column chromatography to obtain Intermediate 1-j.

Synthesis of Compound 2-15

After 5.1 g of Intermediate 1-j was dissolved in 500 mL of
methylene chloride (MC), 23 mL (40 eq) of trifluoroacetic
acid was slowly dropwise added thereto, and the mixture was



US 9,425,410 B2
95 96

stirred at room temperature for about 1 hour. After completion Synthesis Example 3
of'the reaction, the reaction solution was extracted three times
with 100 mL of water and 100 mL of diethylether. The
organic layer was collected and then dried using magnesium
sulfate to evaporate the solvent. The residue was separated 5
and purified by silica gel column chromatography to obtain Compound 2-13 was synthesized according to Reaction
Compound 2-15. Scheme 3 below:

Synthesis of Compound 2-13

Reaction Scheme 3

7

e
N
O N
/
=
O
Q D OH Intermediate 1-12
I

Compound ¢

59
W?
)

Intermediate 1-e-13

=0 e
\\ HO/B
S ..
(3 ay
S

Intermediate 1-f-13
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-continued

Intermediate 1-g-13

2-13
Synthesis of Intermediate 1-e-13 Synthesis of Intermediate 1-g-13
55
Intermediate 1-e-13 was prepared in the same manner as Intermediate 1-g-13 was prepared in the same manner as

Intermediate 1-e, except that Compound ¢ and Intermediate Intermediate 1-g, except that Intermediates 1-f-13 and Inter-
1-12 were used instead of Compound a and Intermediate 1-4, mediate 2-15 were used instead of Intermediate 1-f and Inter-
respectively. 60 mediate 2-18, respectively.

Synthesis of Intermediate 1-f-13 Synthesis of Compound 2-13

Intermediate 1-f-3 was prepared in the same manner as 65 Compound 2-13 was prepared in the same manner as Com-
Intermediate 1-f, except that Intermediate 1-e-13 was used  pound 2-10, except that Intermediate 1-g-13 was used instead
instead of Intermediate 1-e. of Intermediate 1-9.
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Synthesis Example 4

Synthesis of Compound 2-17

Compound 2-17 was synthesized according to Reaction
Scheme 4 below:

Reaction Scheme 4

o0 U

S Intermediate 2-6 on
O O "

Intermediate 1-h-17

IS

Compound b

-

\, /

D D OTF Intermediate 1-14

Intermediate 1-i-17

Intermediate 1-j-17
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D A
fg

Synthesis of Intermediate 1-h-17

Intermediate 1-h-17 was prepared in the same manner as
Intermediate 1-h, except that Intermediate 2-6 was used
instead of Intermediate 2-18.

Synthesis of Intermediate 1-i-17

Intermediate 1-i-17 was prepared in the same manner as
Intermediate 1-i, except that Intermediate 1-h-17 was used
instead of Intermediate 1-h.

Synthesis of Intermediate 1-j-17

Intermediate 1-j-17 was prepared in the same manner as
Intermediate 1-j, except that Intermediate 1-i-17 and Inter-
mediate 1-14 were used instead of Intermediate 1-1 and Inter-
mediate 1-4, respectively.

Synthesis of Compound 2-17

Compound 2-17 was prepared in the same manner as Com-
pound 2-15, except that Intermediate 1-j-17 was used instead
of Intermediate 1-j.

Example 1

To manufacture an anode, a glass substrate with ITO/Ag/
ITO deposited layers (70/1000/70 A) was cut to a size of 50
mmx50 mmx0.5 mm and then ultrasonicated in isopropyl
alcohol and pure water each for five minutes. The substrate
was then cleaned by irradiation with ultraviolet rays for 30
minutes and exposure to ozone. The resulting glass substrate
was loaded into a vacuum deposition device.

2-TNATA was vacuum-deposited on the anode to form an
HIL having a thickness of 600 A, and then Compound 1-8 was
deposited on the HIL to form a HTL having a thickness of
1000 A.

Compound 2-17 (host) and Ir(ppy); (dopant) were co-de-
posited in a weight ratio of about 91:9 on the HTL to form an
EML having a thickness of about 250 A. Then, BCP was
deposited on the EML to form a HBL having a thickness of
about 50 A. After deposition of Alq, on the HBL to form an
ETL having a thickness of about 350 A, LiF was deposited on
the ETL to form an EIL having a thickness of about 10 A.
Then, Mg and Ag were deposited in a weight ratio of about
90:10 on the EIL to form a cathode having a thickness of
about 120 A, thereby completing manufacture of the organic
light-emitting diode (emitting green light).
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Example 2

An organic light-emitting diode was manufactured in the
same manner as Example 1, except that Compound 1-19 was
used instead of Compound 1-8 to form the HTL, and Com-
pound 2-13 was used instead of Compound 2-17 as the host in
forming the EML.

Example 3

To manufacture an anode, a glass substrate with ITO/Ag/
ITO deposited layers (70/1000/70 A) was cut to a size of 50
mmx50 mmx0.5 mm and then ultrasonicated in isopropyl
alcohol and pure water each for five minutes. Then, the sub-
strate was cleaned by irradiation with ultraviolet rays for 30
minutes and exposure to ozone. The resulting glass substrate
was loaded into a vacuum deposition device.

2-TNATA was vacuum-deposited on the anode to form an
HIL having a thickness of 600 A, and then Compound 1-8 was
deposited on the HIL to form a HTL having a thickness of
1350 A.

Compound 2-10 (host) and PtOEP(dopant) were co-depos-
ited in a weight ratio of about 91:9 on the HTL to form an
EML having a thickness of about 400 A. Then, BCP was
deposited on the EML to form a HBL having a thickness of
about 50 A. After depositing Alq, on the HBL to form an ETL
having a thickness of about 350 A, LiF was deposited on the
ETL to form an EIL having a thickness of about 10 A. Then,
Mg and Ag were deposited in a weight ratio of about 90:10 on
the EIL to form a cathode having a thickness of about 120 A,
thereby manufacturing an organic light-emitting diode (emit-
ting green light)

Example 4

An organic light-emitting diode was manufactured in the
same manner as Example 3, except that Compound 1-17 was
used instead of Compound 1-8 to form the HTL, and Com-
pound 2-15 was used instead of Compound 2-10 as a host in
forming the EML.

Comparative Example 1

An organic light-emitting diode was manufactured in the
same manner as Example 1, except that Compound A, repre-
sented by Formula A below, was used instead of Compound
1-8 to form the HTL, and CBP was used instead of Compound
2-17 as a host in forming the EML..
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Comparative Example 2

An organic light-emitting diode was manufactured in the
same manner as Example 3, except that Compound A
was used instead of Compound 1-8 to form the HTL,, and CBP
was used instead of Compound 2-10 as a host in forming the
EML.

10 Evaluation Example 1
The driving voltages, current densities, luminance, emis-
sion colors, efficiencies, and half-life spans (@10 mA/cm?)
s of the organic light-emitting diodes of Examples 1 to 4 and
Comparative Examples 1 and 2 were evaluated using a PR650
(Spectroscan) Source Measurement Unit (available from
Photo Research, Inc.). The results are shown in Table 1 below.
LT, refers to the time (hr) elapsed until the initial luminance
20 (assumed as 100%) was reduced to 97% during driving at
about 10 mA/cm?.
TABLE 1
Driving  Current
HTL voltage  density Luminance Efficiency Emission LTy,
material Host  Dopant V) (mA/em?)  (ed/m?) (cd/A) color (hr)
Example Comp. Comp. Ir(ppy)s; 5.8 10 6,479 64.8 Green 81
1 1-8 2-17
Example Comp. Comp. Ir(ppy)s 5.9 10 6,652 66.5 Green 85
2 1-19 2-13
Example Comp. Comp. PtOEP 6.4 10 3,273 32.7 Red 138
3 1-8 2-10
Example Comp. Comp. PtOEP 6.2 10 3,524 35.2 Red 140
4 1-17 2-15
Comp. Comp. CBP Ir(ppy)s 6.5 10 4,523 45.2 Green 60
Example A
1
Comp. Comp. CBP PtOEP 6.8 10 2,548 25.8 Red 116
Example A
2

Oy

oMo
A
5

1-8
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TABLE 1-continued

Driving  Current
HTL voltage  density Luminance Efficiency Emission LTy,
material  Host ~ Dopant V) (mA/em?)  (cd/m?) (cd/A) color (hr)

®
QO S
N

Y

-

1-17

1-19

2-10
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TABLE 1-continued

Driving  Current
HTL voltage  density Luminance Efficiency Emission LTy,
material  Host ~ Dopant V) (mA/em?)  (cd/m?) (cd/A) color (hr)

N==

N
N
2-17

Referring to Table 1, the organic light-emitting diodes of
Examples 1 and 2 had lower driving voltages, higher lumi-
nance, higher efficiencies, higher color purities, and longer
lifetimes than the organic light-emitting diode of Compara-
tive Example 1. The organic light-emitting diodes of
Examples 3 and 4 had lower driving voltages, higher lumi-
nance, higher efficiencies, higher color purities, and longer
lifetimes than the organic light-emitting diode of Compara-
tive Example 2.

60

65

As described above, according to the one or more embodi-
ments of the present invention, an organic light-emitting
diode including a first compound of Formula 1 and a second
compound of Formula 100 may have a low driving voltage,
high luminance, high efficiency, and long lifetime.

Itis understood that the exemplary embodiments described
herein areto be considered in a descriptive sense only, and not
for purposes of limitation. Also, descriptions of features or
aspects of each embodiment should typically be considered
as available for other similar features or aspects in other
embodiments.
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xa and xb are each independently an integer of 0 to 5;

R,q; and R, are each independently a substituted or

unsubstituted C;-C,, cycloalkyl group, a substituted

or unsubstituted C,-C,, heterocycloalkyl group, a

substituted or unsubstituted C;-C,, cycloalkenyl

group, a substituted or unsubstituted C,-C,, hetero-
cycloalkenyl group, a substituted or unsubstituted

C-Cy aryl group, or a substituted or unsubstituted

C,-Cg, heteroaryl group;

10 Rp: 0 Rjgg, and R, to R |4 are each independently a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid

15 group or a salt thereof, a phosphoric acid group or a

salt thereof, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted
C,-Cypalkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted or unsubstituted
C,-Cs, alkoxy group, a substituted or unsubstituted
C,-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C, ; heterocycloalkyl group, a substituted or
unsubstituted C,-C,,, cycloalkenyl group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C,-Cg, aryl
group, a substituted or unsubstituted C,-Cg,, aryloxy
group, a substituted or unsubstituted C4-Cg, arylthiol
group, a substituted or unsubstituted C,-Cg, het-
erodaryl group, —N(Q,)(Qy). or —Si(Q3)(Q4)(Qs);
an

Q) to Qs are each independently a C,-C, alkyl group, a
C,-Cgp alkoxy group, a C4-Cg aryl group, ora C,-Co,
heteroaryl group; and

in Formula 100A and 100B:

X,is0orS;

Ring P and ring Q are each independently a substituted
orunsubstituted C;-C, cyclic moiety, or a substituted
or unsubstituted C,-C, heterocyclic moiety;

Rs, to Ry, are each independently a substituent repre-
sented by —(Ar,) —(Arg, );

Ars, is a substituted or unsubstituted C5-C, , cycloalky-
lene group, a substituted or unsubstituted C,-C, , het-
erocycloalkylene group, a substituted or unsubsti-
tuted C;-C,, cycloalkenylene group, a C,-C,,
heterocycloalkenylene group, a substituted or unsub-
stituted C4-Cg, arylene group, or a substituted or
unsubstituted C,-Cg, heteroarylene group;

Arg, 1s a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group,

50 an amino group, an amidino group, a hydrazine, a
hydrazone, a carboxyl group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a substituted or unsubstituted
C,-Cq, alkyl group, a substituted or unsubstituted

55 C,-Cypalkenyl group, a substituted or unsubstituted

C,-Cy, alkynyl group, a substituted or unsubstituted

C,-Cs, alkoxy group, a substituted or unsubstituted

C;-C,, cycloalkyl group, a substituted or unsubsti-

tuted C,-C, ; heterocycloalkyl group, a substituted or

unsubstituted C;-C,, cycloalkenyl group, a C,-C,,

What is claimed is:

1. An organic light-emitting diode, comprising:

a substrate;

a first electrode on the substrate;

a second electrode facing the first electrode; 5

an emission layer between the first electrode and the sec-
ond electrode;

a hole transfer region between the first electrode and the
emission layer; and

an electron transfer region between the emission layer and
the second electrode,

wherein the hole transfer region comprises a first com-
pound represented by Formula 1, and the emission layer
comprises a second compound represented by Formula
100A or 100B:

Formula 1

Formula 100B

wherein, in Formula 1:
Ar,,, and Ar,,, are each independently a substituted or 60

unsubstituted C;-C,, cycloalkylene group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C, , cycloalk-
enylene group, a substituted or unsubstituted C,-C,,
heterocycloalkenylene group, a substituted or unsub-
stituted C4-Cg, arylene group, or a substituted or
unsubstituted C,-C, heteroarylene group;

65

heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cyq aryl group, a substituted or unsubstituted
C,-Cg, heteroaryl group, —N(Q,,)(Q,,), or —Si

(Q23)(Q24)(Qs5);

Q,; and Q,, are each independently a substituted or

unsubstituted C;-C,, cycloalkyl group, a substituted
or unsubstituted C,-C,, heterocycloalkyl group, a
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substituted or unsubstituted C,-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C4-Cg, aryl group, or a substi-
tuted or unsubstituted C,-C, heteroaryl group; and

Q.5 to Q,5 are each independently a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an ami-
dino group, a hydrazine, a hydrazone, a carboxyl

112

-continued

* N
x
W \|_(Z3l)g5
NN

/QZI
*—N

Formula 103-9

Formula 103-10

group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-Cg, alkyl group, a *
substituted or unsubstituted C,-C,, alkoxy group, a ==
substituted or unsubstituted C;-C,, cycloalkyl group, Yo
a substituted or unsubstituted C,-C,, heterocy- 4 =
cloalkyl group, a substituted or unsubstituted C5-C,,

cycloalkenyl group, a C,-C,, heterocycloalkenyl \
group, a substituted or unsubstituted C,-Cg, aryl
group, or a substituted or unsubstituted C,-Cg, het-
eroaryl group; and 20

Q2
Formula 103-14

Formula 103-15

q is an integer of O to 5,

provided that Arg, of R, in Formula 100B is a group
represented by one of Formulae 103-4 to 103-10 and

103-14 to 103-16:

25
(Z31)g1

Formula 103-4

Formula 103-16

30 \\/ (Z31)ga

35 h
T a2gss

]
/\/\

Formula 103-5

40
wherein, in Formulae 103-4 to 103-10 and 103-14 to

103-16:
Y,, 150, S, or N(Z,5);

75, and Z,, are each independently a hydrogen atom,
a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid

50 group or a salt thereof, a phosphoric acid group or

a salt thereof, a C,-C,, alkyl group, a C,;-C,,
alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a dimethylfiuore-
nyl group, a diphenylfluorenyl group, a carbazolyl

55 group, a phenylcarbazolyl group, a pyridinyl

group, a pyrimidinyl group, a pyrazinyl group, a

pyridazinyl group, a triazinyl group, a quinolyl

group, or an isoquinolyl group;

Formula 103-6 45

Formula 103-7

o 6 gl is an integer of 1 to 5;
et g3 is an integer of 1 to 3;

Formula 103-8

N|\/_(Zsl)g3 65

g4 is an integer of 1 to 4; and
gSis1or?2.

2. The organic light-emitting diode of claim 1, wherein
Ar,,, and Ar, ,, in Formula 1 are each independently a moiety
represented by one of Formulae 3-1 to 3-24:
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Formula 3-1 Formula 3-10
. (Z a1 . (Z1)az
4 YA
Z
/ 1 N #
Formula 3-2 Formula 3-11
ZDa (Z1)az
*
| \/\ 10 Y%\
* / ®! N\)\
w0
Formula 3-3 Formula 3-12
Z
15 \ (Z1az
| \
j\
* N */
Formula 3-13
Formula 3-4 20 Z)ao
»
/
* *!
25
Formula 3-14
(Z1)az
P
Formula 3-5 |
) x AN 30 * Z #
| (Z a3 Formula 3-15
F a (Z1)az
&1 ~ A
N

Formula 3-6 |

) — y 35 /
\ / Formula 3-16
. (Z1as
\ / 40 | Ra N

@1)as )\
N ®!

Formula 3-7

. \_/ * . s Formula 3-17
’ A
\ | / N\)\*,

8

%
%

—

—

—

7 Formula 3-
@as 50 Ny

Formula 3-8 N
| A
P
ol

55 Formula 3-

: \ / " . (Z1as
%~

9 L

60
Z)a

—

9

Formula 3-20
Formula 3-9 ZDa

" | N SN X A
a4
= . PN
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-continued

(Z a2

LA 5
# N/ !

Formula 3-22

Formula 3-21

10

Formula 3-23
15

Formula 3-24
20

Z,
NAAN

A

wherein, in Formulae 3-1 to 3-24:
Y, is O, S, C(Ry1)(Rzs), or N(Ry3);
Z,,7,,and R,, to R,; are each independently:

i) ahydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a
salt thereof, a C,-C,, alkyl group, or a C,-C,, alkoxy
group, or

i) a C,-C,, alkyl group or a C,-C,, alkoxy group sub-
stituted with at least one of a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydra-
zine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, or a phosphoric
acid group or a salt thereof, or

iii) a C-C,, aryl group or a C,-C,, heteroaryl group, or

iv) a C4-C,, aryl group or a C,-C,, heteroaryl group
substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-Cg, alkyl
group, a C,-Cgalkenyl group, a C,-Cg4, alkynyl
group, aC,-C, alkoxy group, a phenyl group, anaph-
thyl group, an anthryl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group,
a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a
quinolyl group, or an isoquinolyl group, or

V) —N(Q;1)(Qy2), or —81(Q3)(Q14)(Q;5), wherein
Q;; to Q5 are each independently a C,-C,, alkyl
group, a C,-C,, alkoxy group, a C4-C,, aryl group, or
a C,-C, heteroaryl group;

dl is an integer of 1 to 4;
d2 is an integer of 1 to 3;
d3 is an integer of 1 to 6;

25

30

35

40

45

50

55

60

65
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d4 is an integer of 1 to 8; and
d5is1or?2.

3. The organic light-emitting diode of claim 1, wherein
Ar,,, and Ar, ,, in Formula 1 are each independently a moiety
represented by one of Formulae 4-1 to 4-7:

Formula 4-1

t3

Formula 4-2

Formula 4-3

%

o p

Formula 4-4

t3

Formula 4-5

Formula 4-6

Formula 4-7

4. The organic light-emitting diode of claim 1, wherein, in
Formula 1, either: 1) xa=0 and xb=0; or ii) xa=1 and xb=0; or
iii) xa=2 and xb=0; or iv) xa=0 and xb=1; or v) xa=0 and
xb=2; or vi) xa=1 and xb=1.

5. The organic light-emitting diode of claim 1, wherein, in
Formula 1, R,,, and R, are each independently a moiety
represented by one of Formulae 5-1 to 5-22:

Formula 5-1

T Z1ea
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Z1De2
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-continued

Formula 5-2

%

N /
10 *
Formula 5-3 x
| T Z1)ea
=
N)
15
*
AN

Formula 5-4 |
20

T Z1)ea

25 N /

Formula 5-5 \(\
30 T Eie

35 T Z1Des

Formula 5-6

40 | T Ze

\(\N
= —Zwa
A
Formula 5-7
. *\[N\
| T Z1e
2

* N,

55 \
Formula 5-8 | T @Z11)es
N\/N
60
65

\
(Z11)e1

Formula 5-9

Formula 5-10

Formula 5-11

Formula 5-12

Formula 5-13

Formula 5-14

Formula 5-15

Formula 5-16

Formula 5-17

Formula 5-18

Formula 5-19
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-continued €3 is an integer of 1 to 3;

Formula 3-19 ed is an integer of 1 to 4; and

eSislor2.
5 6. The organic light-emitting diode of claim 1, wherein
R,,; in Formula 1 is represented by one of Formulae 6-1 to

6-8,and R, in Formula 1 is represented by one of Formulae
6-1to 6-11:

Formula 5-21 10

Formula 6-1

N
S
x

15

Formula 5-22 Formula 6-2

20

g

Ziia

Formula 6-3

Zip
Z1Des  Z12er »

wherein, in Formulae 5-1 to 5-22:
Y, and Y; are each independently O, S, C(R,5)(R,¢), or 7
N(R,,); 30 ta
27
7,,t07Z,,, and R,5 to R, are each independently: Formula 6-4
i) ahydrogen atom, a deuterium atom, a halogen atom, a Zie
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid 35
group or a salt thereof, a phosphoric acid group or a
salt thereof, a C,-C,, alkyl group, or a C,-C,, alkoxy
group, or Formula 6-5
i) a C,-C,, alkyl group or a C,-C,, alkoxy group sub-
stituted with at least one of a deuterium atom, a halo- 40
gen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydra-
zine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, or a phosphoric
acid group or a salt thereof, or 45
iii) a C4-C,q aryl group or a C,-C, heteroaryl group, or
iv) a C4-C,, aryl group or a C,-C,, heteroaryl group
substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a *
nitro group, an amino group, an amidino group, a 30
hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-Cg, alkyl
group, a C,-Cgjalkenyl group, a C,-Cg, alkynyl
group, a C,-Cg, an alkoxy group, a phenyl group, a 55
naphthyl group, an anthryl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group,
a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a 60 "
quinolyl group, or an isoquinolyl group, or
V) —N(Q1)(Q12), or —81(Q3)(Q14)(Q,5), wherein
Q,; to Q,5 are each independently a C,-C,, alkyl
group, a C,-C,, alkoxy group, a C4-C, aryl group, or
a C,-C, heteroaryl group; 65
el is an integer of 1 to 5;
e2 is an integer of 1 to 7;

%

Zyye

29

Zi1a

Formula 6-6

avla

Formula 6-7
Zi1a

or

Formula 6-8
Zi1a

o
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nyl group, a carbazolyl group, a phenylcarbazolyl
group, a pyridinyl group, a pyrimidinyl group, a
pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolyl group, or an isoquinolyl group; and
each Q,, is each independently a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a naphthyl group,
an anthryl group, a fluorenyl group, a dimethylfluorenyl
group, a diphenylfluorenyl group, a carbazolyl group, a
phenylcarbazolyl group, a pyridinyl group, a pyrimidi-

-continued
Formula 6-9
10 nyl group, a pyrazinyl group, a pyridazinyl group, a

w

Formula 6-10 group.
7. The organic light-emitting diode of claim 1, wherein
O R,;; and R, , in Formula 1 are each independently:
15 1)aC,-C,, alkyl group, or

N i) a C;-C,, alkyl group substituted with at least one of a

. Ras
triazinyl group, a quinolyl group, or an isoquinolyl

¢

group, a naphthyl group, an anthryl group, a fluorenyl
group, a dimethylfluorenyl group, a diphenylfiuore-

deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a

20 salt thereof, a sulfonic acid group or a salt thereof, or a
phosphoric acid group or a salt thereof, or
iii) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
Formula 6-11 pyrimidinyl group, a pyrazinyl group, a pyridazinyl
QIZ\N/Q12 25 group, a triazinyl group, a quinolyl group, or an iso-
quinolyl group, or
iv) a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl
30 group, a triazinyl group, a quinolyl group, or an iso-
quinolyl group substituted with at least one of a deute-
* rium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
o a hydrazine, a hydrazone, a carboxyl group or a salt
wherein, in Formulae 6-1 to 6-11: 35 thereof, a sulfonic acid group or a salt thereof, a phos-
Zy,,10 Z) . Rys, and Ry are each independently: phoric acid group or a salt thereof, a C,-C,, alkyl group,
1) a deuterium atom, a halogen atom, a hydroxyl group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
a cyano group, a nitro group, an amino group, an group, an anthryl group, a fluorenyl group, a dimeth-
amidino group, a hydrazine, a hydrazone, a carboxyl ylfluorenyl group, a diphenylfiuorenyl group, a carba-
group or a salt thereof, a sulfonic acid group or a salt 40 zolyl group, a phenylcarbazolyl group, a pyridinyl
thereof, a phosphoric acid group or a salt thereof, a group, a pyrimidinyl group, a pyrazinyl group, a
C,-C,, alkyl group, or a C,-C,, alkoxy group, or pyridazinyl group, a triazinyl group, a quinolyl group, or
i) a C,-C,, alkyl group or a C,-C,, alkoxy group sub- an isoquinolyl group.
stituted with at least one of a deuterium atom, a halo- 8. The organic light-emitting diode of claim 1, wherein the
gen atom, a hydroxyl group, a cyano group, a nitro 45  ring P and the ring Q are each independently:
group, an amino group, an amidino group, a hydra- i) benzene, naphthalene, fluorene, carbazole, dibenzofu-
zine, a hydrazone, a carboxyl group or a salt thereof, ran, or dibenzothiophene; or
a sulfonic acid group or a salt thereof, or a phosphoric ii) benzene, naphthalene, fluorene, carbazole, dibenzo-
acid group or a salt thereof, or furan, or dibenzothiophene substituted with at least
iii) a phenyl group, a naphthyl group, an anthryl group, 50 one of:
a fluorenyl group, a carbazolyl group, a pyridinyl ii)a) a deuterium atom, a halogen atom, a hydroxyl
group, a pyrimidinyl group, a pyrazinyl group, a group, a cyano group, a nitro group, an amino
pyridazinyl group, a triazinyl group, a quinolyl group, group, an amidino group, a hydrazine, a hydrazone,
or an isoquinolyl group, or a carboxyl group or a salt thereof, a sulfonic acid
iv) a phenyl group, a naphthyl group, an anthryl group, a 55 group or a salt thereof, a phosphoric acid group or
fluorenyl group, a carbazolyl group, a pyridinyl a salt thereof, a C,-C,, alkyl group, or a C,-C,,
group, a pyrimidinyl group, a pyrazinyl group, a alkoxy group, or
pyridazinyl group, a triazinyl group, a quinolyl group, ii)b) a C,-C,, alkyl group, or a C,-Cg, alkoxy group
or an isoquinolyl group substituted with at least one of substituted with at least one of a deuterium atom, a
a deuterium atom, a halogen atom, a hydroxyl group, 60 halogen atom, a hydroxyl group, a cyano group, a
a cyano group, a nitro group, an amino group, an nitro group, an amino group, an amidino group, a
amidino group, a hydrazine, a hydrazone, a carboxyl hydrazine, a hydrazone, a carboxyl group or a salt
group or a salt thereof, a sulfonic acid group or a salt thereof, a sulfonic acid group or a salt thereof, or a
thereof, a phosphoric acid group or a salt thereof, a phosphoric acid group or a salt thereof, or
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl 65 ii)c) a phenyl group, a naphthyl group, an anthryl

group, a fluorenyl group, a carbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl
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group, a pyridazinyl group, a triazinyl group, a _continued
quinolyl group, or an isoquinolyl group, or Formula 100A-3

ii)d) a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, a carbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a
quinolyl group, or an isoquinolyl group substituted
with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydra-
zine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, 15
alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, an anthryl group, a fluo-
renyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, a phenyl-
carbazolyl group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, or an isoquinolyl
group, or

if)e) —N(Q, )(Q,,), wherein Q,, and Q,, are each »
independently a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a dimethylfiuore-
nyl group, a diphenylfiuorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl 30
group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolyl
group, or an isoquinolyl group. Formula 100A-5

9. The organic light-emitting diode of claim 1, wherein the 35

second compound is represented by one of Formulae 100A-1
to 100A-8 and 100B-1 to 100B-8:

10

Formula 100A-4
20

40
Formula 100A-1

45

(Re2)r1
50
(Rep)rt
Formula 100A-6
Formula 100A-2
Rs) Reo
55
Rsz
Rss
Re1)r2
60
65

(Re2)r1
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-continued

Formula 100A-7

Rsy

10

/
\\ /
Re1)3 5

Formula 100A-8
20

25

30

Formula 100B-1

(Re1)r1
35

Formula 100B-3

55
Ren)s
Rsy Reo \
=\ 60
Rs»
65

126

-continued

Formula 100B-4

Formula 100B-5

(Renr2

Formula 100B-8

(Re1)s

N\

wherein, in Formulae 100A-1 to 100A-8 and 100B-1 to
100B-8:

X12180, 8, C(R;)(R7,). or N(R3);

R, Re,, and R, to R, are each independently:

i) ahydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a
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salt thereof, a C,-Cq, alkyl group, a C,-Cyalkenyl
group, a C,-Cg, alkynyl group, or a C,-Cg, alkoxy
group, or

ii) a C,-Cg, alkyl group, a C,-Cgyalkenyl group, a
C,-Cq, alkynyl group, or a C,-C,, alkoxy group sub-
stituted with at least one of a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydra-
zine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, or a phosphoric
acid group or a salt thereof, or

iii) a C5-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C,-Cg, aryl
group, a Cg-Cg, aryloxy group, a C,-Cg, arylthio
group, or a C,-C, heteroaryl group, or

iv)aC;-C,, cycloalkyl group, a C;-C, o heterocycloalkyl
group, a C5-C, , cycloalkenyl group, a C5-C,, hetero-
cycloalkenyl group, a C4-Cg,, aryl group, a C4-Cg
aryloxy group, a C4-Cg, arylthio group, or a C,-Cg,
heteroaryl group substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an ami-
dino group, a hydrazine, a hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-Cq, alkyl group, a C,-Cg,alkenyl group, a C,-Cg,
alkynyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, an anthryl group, a fluorenyl
group, a dimethylfluorenyl group, a diphenylfiuore-
nyl group, a carbazolyl group, a phenylcarbazolyl
group, a pyridinyl group, a pyrimidinyl group, a
pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolyl group, or a isoquinolyl group, or

V) —N(Q11)(Q12), or —81(Q3)(Q14)(Q;5), wherein
Q,, and Q,, are each independently a Cs-Cq, aryl
group or a C,-C, heteroaryl group, and Q5 to Q, 5 are
each independently a C,-C, alkyl group, a C,-Cg,
alkoxy group, a C-Cg, aryl group, or a C,-Cg, het-
eroaryl group;

rl is an integer of 1 to 4;

r2is 1 or 2; and

r3 is an integer of 1 to 6.

10. The organic light-emitting diode of claim 1, wherein

Ars, in Formula 100A and 100B is:

i) a phenylene group, a naphthalene group, a fluorenylene
group, a pyridinylene group, a pyrazinylene group, a
pyrimidinylene group, a pyridazinylene group, a quino-
linylene group, a carbazolylene group, a triazinylene
group, a dibenzofuranylene group, or a dibenzothiophe-
nylene group, or

ii) a phenylene group, a naphthalene group, a fluorenylene
group, a pyridinylene group, a pyrazinylene group, a
pyrimidinylene group, a pyridazinylene group, a quino-
linylene group, a carbazolylene group, a triazinylene
group, a dibenzofuranylene group, or a dibenzothiophe-
nylene group substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxylic group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C, -C, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfiuorenyl group, a carba-
zolyl group, a phenylcarbazolyl group, a pyridinyl
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group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolyl group, or
an isoquinolyl group.
11. The organic light-emitting diode of claim 1, wherein
Arg, of Rs6, Rs7, Ry and Ry, in Formula 100A and 100B is a
group represented by one of Formulae 103-1 to 103-16:

Formula 103-1

AN
| T Zs1)g1

Vs

Formula 103-2

(Z31)g2
Formula 103-3

(Z3D)g2
Formula 103-4

Formula 103-5

Formula 103-6

Formula 103-7
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Formula 103-8
* N
N
| T Zs1)gs

N\/

Formula 103-9

* N
A
Y \I_(ZSI)gS
N\/N

Formula 103-10

Qay
/
* N
Qx
Formula 103-11
* N
N
| —— Zz1)g
Formula 103-12
*
x N
| '_(Z3l)g4
/
Formula 103-13
*
AN
| T Zz1)g
=N
Formula 103-14
*
—
Y2
—=
\ —Z31)ea

Formula 103-15

\
(Z31)g1
Formula 103-16

\/(Z3l)g4

*

N

z
=
=

N\

/_I (Z32)gn

wherein, in Formulae 103-1 to 103-16:

Y5118 O, 8, C(Z41)(Zsy), or N(Zy3);

751,755, and Z,,, to 7,5 are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, an anthryl group, a fluorenyl
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group, a dimethylfluorenyl group, a diphenylfluorenyl
group, a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group,
a pyridazinyl group, a triazinyl group, a quinolyl group,
or an isoquinolyl group;

Q,, and Q,, are each independently a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfiuorenyl group, a
carbazolyl group, a phenylcarbazolyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolyl group, or
an isoquinolyl group;

gl is an integer of 1 to 5;

g2 is an integer of 1 to 7;

g3 is an integer of 1 to 3;

g4 is an integer of 1 to 4; and

gSislor?2.

12. An organic light-emitting diode, comprising:

a substrate;

a first electrode on the substrate;

a second electrode facing the first electrode;

an emission layer between the first electrode and the sec-
ond electrode;

a hole transfer region between the first electrode and the
emission layer; and

an electron transfer region between the emission layer and
the second electrode,

wherein the hole transfer region comprises a first com-
pound represented by Formula 1, and the emission layer
comprises a second compound represented by Formula
100A-H1, 100A-H2, 100B-H1, or 100B-H2:

Formula 1

Ryos

(AT10Dxa R
109
\Il\I/
(Ar102)xp
Ry Rus
Ry O
Ry
Ry
Ry
Rz
R Riss

wherein, in Formula 1:

Ar,,, and Ar,, are each independently a substituted or
unsubstituted C5-C,,, cycloalkylene group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C, ; cycloalk-
enylene group, a substituted or unsubstituted C,-C,
heterocycloalkenylene group, a substituted or unsub-
stituted C4-Cg, arylene group, or a substituted or
unsubstituted C,-Cg, heteroarylene group;

xa and xb are each independently an integer of 0 to 5;
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R,p; and R, are each independently a substituted or -continued
unsubstituted C;-C,, cycloalkyl group, a substituted Formula 100B-H1

or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C,-C,, cycloalkenyl
group, a substituted or unsubstituted C,-C, hetero- 3
cycloalkenyl group, a substituted or unsubstituted
Cs-Cg aryl group, or a substituted or unsubstituted
C,-Cg, heteroaryl group;

Rips 0 Rjog and R, to R, ;5 are each independently a |,
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a 15
salt thereof, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted
C,-Cypalkenyl group, a substituted or unsubstituted
C,-Cq, alkynyl group, a substituted or unsubstituted
C,-Cq, alkoxy group, a substituted or unsubstituted 20
C;-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkyl group, a substituted or
unsubstituted C5-C,,, cycloalkenyl group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted Cy;-Cg, aryl
group, a substituted or unsubstituted C,-Cg,, aryloxy
group, a substituted or unsubstituted C4-C,, arylthiol
group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, —N(Q,)(Q,), or —Si(Q3)(Q.)(Qs): 54

and

25

Q) to Qs are each independently a C, -Cq, alkyl group, a
C,-Cg,alkoxy group, a C4-Cp aryl group, oraC,-C,

heteroaryl group: 4s  wherein, in Formulae 100A-H1, 100A-H2, 100B-HI, and
100B-H2:
X,i80o0rS;
ring P and ring Q are each independently:
<Formula 100A-H1> i) benzene, naphthalene, fluorene, carbazole, dibenzofu-
40 ran, or dibenzothiophene; or
ii) benzene, naphthalene, fluorene, carbazole, dibenzo-
furan, or dibenzothiophene substituted with at least

one of:
ii)a) a deuterium atom, a halogen atom, a hydroxyl
45 group, a cyano group, a nitro group, an amino

group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or
a salt thereof, a C,-C,, alkyl group, or a C,-C,,
50 alkoxy group, or
ii)b) a C,-C,, alkyl group, or a C,-Cg, alkoxy group
substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a
Reo nitro group, an amino group, an amidino group, a
X Rso 55 hydrazine, a hydrazone, a carboxyl group or a salt

Z21n thereof, a sulfonic acid group or a salt thereof, or a
/\ A phosphoric acid group or a salt thereof, or
- ii)c) a phenyl group, a naphthyl group, an anthryl

<Formula 100A-H2>

group, a fluorenyl group, a carbazolyl group, a
60 pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a
quinolyl group, or an isoquinolyl group, or
ii)d) a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, a carbazolyl group, a
65 pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a
quinolyl group, or an isoquinolyl group substituted
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with at least one of a deuterium atom, a halogen _continued
atom, a hydroxyl group, a cyano group, a nitro Formula 103-4

group, an amino group, an amidino group, a hydra-
zine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a 3
phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, an anthryl group, a fluo-
renyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, a phenyl-
carbazolyl group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolyl group, and an iso-
quinoly! group, or —N(Q, )(Q, ), ,
wherein Q,, and Q, , are each independently a phe-
nyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a dimethylfluorenyl group, a
diphenylfiuorenyl group, a carbazolyl group, a
phenylcarbazolyl group, a pyridinyl group, a 20
pyrimidinyl group, a pyrazinyl group, a pyridazi-
nyl group, a triazinyl group, a quinolyl group, or
an isoquinolyl group;

10

Formula 103-5

Rss, Rsg, Rso, Reo, Zs,, and Z,, are each independently a 5 Formula 103-6

hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxylic group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, a phenylcarba- 35
zolyl group, a pyridinyl group, a pyrimidinyl group, a
pyrazinyl group, a pyridazinyl group, a triazinyl group, a
quinolyl group, or an isoquinolyl group;

30

Formula 103-7

1 and {2 are each independently O, 1, or 2; and 40

Ar,, is a group represented by one of Formulae 103-1 to

103-16: Formula 103-8

45
Formula 103-1

x

| T Zs1)g1

Formula 103-9

50
Formula 103-2

Formula 103-10

55

* N
Formula 103-3 \I
60 ——Z31)ga
/

*

(2
I

T Z3)ga

65 &
(Z31)e2 F

Formula 103-11

Formula 103-12
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Formula 103-13
*
AN
| T Zz1)g
/ N
Formula 103-14
*
/
Yo
==
\ N Z31)gs

Formula 103-15

Z31)g1

Formula 103-16

\/(Z3l)g4

/ N

*

N

/
]
\ I_(Z32)g4

wherein, in Formulae 103-1 to 103-16:

Y2, i85 O, 8, C(Z41)(Z42), Or N(Z,,3);

Z5,,25,,and Z,, to Z,; are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, an anthryl group, a fluorenyl
group, a dimethylfluorenyl group, a diphenylfluorenyl
group, a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group,
a pyridazinyl group, a triazinyl group, a quinolyl group,
or an isoquinolyl group;

Q,; and Q,, are each independently a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group, a
carbazolyl group, a phenylcarbazolyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolyl group, or
an isoquinolyl group;

gl is an integer of 1 to 5;

g2 is an integer of 1 to 7;

g3 is an integer of 1 to 3;

g4 is an integer of 1 to 4; and

g5is 1or2.

13. The organic light-emitting diode of claim 1, wherein
the first compound is one of Compounds 1-1 to 1-19:
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-continued -continued
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-continued 117

O

1-19

14. An organic light-emitting diode, comprising:
a substrate;
a first electrode on the substrate;

142

a second electrode facing the first electrode;

an emission layer between the first electrode and the sec-
ond electrode;

a hole transfer region between the first electrode and the
emission layer; and

an electron transfer region between the emission layer and
the second electrode,

wherein the hole transfer region comprises a first com-
pound represented by Formula 1, and the emission layer
comprises a second compound selected from the group
consisting of Compounds 2-1 through 2-25:

Formula 1

w

Ries

Rio1

wherein, in Formula 1:

Ar,,, and Ar, ,, are each independently a substituted or
unsubstituted C5-C,,, cycloalkylene group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C, ; cycloalk-
enylene group, a substituted or unsubstituted C,-C,,
heterocycloalkenylene group, a substituted or unsub-
stituted C4-Cg, arylene group, or a substituted or
unsubstituted C,-Cg, heteroarylene group;

xa and xb are each independently an integer of 0 to 5;

R,o; and R, are each independently a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted
or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,, cycloalkenyl
group, a substituted or unsubstituted C,-C,, hetero-
cycloalkenyl group, a substituted or unsubstituted
C-Cy aryl group, or a substituted or unsubstituted
C,-Cg, heteroaryl group;

Rp: 10 R;ogand R, to R, are each independently a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a
salt thereof, a substituted or unsubstituted C,-Cg,
alkyl group, a substituted or unsubstituted
C,-Cgpalkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted or unsubstituted
C,-Cq, alkoxy group, a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C, ; heterocycloalkyl group, a substituted or
unsubstituted C5-C,,, cycloalkenyl group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkenyl
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group, a substituted or unsubstituted C,-Cg, aryl -continued
group, a substituted or unsubstituted C,-Cg, aryloxy
group, a substituted or unsubstituted C4-C,, arylthiol
group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, —N(Q,)(Q,), or —Si(Q3)(Q4)(Q5);

and

2-4

Q) to Qs are each independently a C, -Cq, alkyl group, a
C,-Cgo alkoxy group, a C4-Cyp aryl group, oraC,-Cg
heteroaryl group;

2-1

2-3




US 9,425,410 B2
145 146
ontinue -continu







US 9,425,410 B2

149

-continued
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150
-continued
2-23
2-24
2-25

U

N
C

15. The organic light-emitting diode of claim 1, wherein
the hole transfer region further comprises a charge-generat-
ing material.

16. The organic light-emitting diode of claim 1, wherein
the hole transfer region comprises a hole transport layer, and
the first compound is in the hole transport layer.

17. The organic light-emitting diode of claim 16, wherein
the hole transfer region further comprises at least one of a hole
injection layer between the first electrode and the hole trans-
port layer, and a buffer layer between the hole transport layer
and the emission layer.

18. The organic light-emitting diode of claim 1, wherein
the hole transfer region is a single layer.

#* #* #* #* #*



